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AVANT-PROPOS 


AnTiv6  au  terme  de  nos  6tudes  m6dicales  nous  sai- 
sissons  avec  empressement  I'occasion  que  nous  ofire 
cette  thfese  pour  apporter  a  nos  maitrcs,  tant  de  la 
Faculty  que  des  hopitaux,  le  tribut  de  nos  remerciements 
et  de  notre  reconnaissance.  M.  le  professeur  agr6g6 
Schwartz,  MM.  Giraudeau  et  Landrieux  ont  guid6  nos 
premiers  pas  dans  la  carriere  medicate  ;  qu'ilstrouvent 
ici  I'expression  de  notre  entifere  gratitude. 

Tout  le  monde  dans  cette  Faculty  connait  le  sens  clini- 
que  si  sur  de  M.  le  professeur  Jaccoud,  la  hauteur  de 
ses  vues  et  Tampleur  de  son  enseignement  magistral ; 
nous  en  conserverons  toujours  un  souvenir  emu  et 
reconnaissant,  ayant  eu  la  bonne  fortune  d  etre  son 
6leve  pendant  notre  deuxi^me  annoe  d'externat  dans 
son  service  de  clinique  de  la  Pitie. 

C'est  M.  Bahinski,  medecin  des  hopitaux,  qui,  pen- 
dant notre  troisienie  annee  d'externat,  nous  a  initio  k 
letude  lies  mijladies  nerveuses  ;  nous  ne  saurions  trop 
le   remercier  pour  les  connaissances  qu'il  nous  a  fait 


I 


DigitizedMGoOgle 


—  6  — 

acquerir  el  pour  iagrandeamabiiitequ'il  nous  a  toujours 
t6moignee. 

M.  le  professeur  agi'eg6  J.  Guiart,  avec  une  bonne 
grace  dont  nous  sommes  confus,  a  bien  voulu  nous 
aider  de  ses  conseils  dans  la  redaction  de  cette  thfese 
et  nous  a  fourni  ainsi  une  aide  pr^cieuse  ;  qu'il  nous 
permette  de  lui  exprimer  toute  noire  sincere  grati- 
tude. 

Enfin  que  M.  le  professeur  Blanchard  re^oive  un 
teinoignage  special  de  notre  reconnaissance,  pour  la 
bienveillance  dont  il  a  fait  preuve  a  notre  egard  en  nous 
faisant  Thonneur  de  pr6sider  notre  thfese  ;  par  son  bril- 
lant  enseignement,  ce  maitre  s'est  acquis  toute  notre 
respectueuse  consid6ration,  qu'il  veuille  bien  rester  per- 
suade de  notre  entier  d6vouement. 
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INTRODUCTION 


Le  paludiame  ou  flfevre  intermittente  est  vine  maladie 
infectieu^e  d'origine  parasitaire,  L,6  paludismei  a'il  eat 
ineonnu  dans  les  pays  froids,  est  e^tr^meiment  rapoqdu 
par  contra  dans  presque  toute»  les  regions  chaudes  ou 
tetnp6r6es  et  augmente  de  frequence  et  d'lnteqsil^  n 
raesure  qu'on  se  rapproohe  de  T^quateur.  Les  plqie^s, 
rhumidit6  du  M,  la  chaleur,  favorisent  son  d^velqppe- 
ment. 

En  Europe  on  le  trouve  dans  presque  tous  le3  pays, 
Ainsi  en  France  il  estendemique  sur  plusieurs  points  ; 
la  Camarf?ue,  les  Landes,  la  Gharente,  la  Vendee  ou  en 
Sologne,  Brenne,  Bresse,  Dombes  et  sur  Jes  rivages  de 
la  Cqrse.  Mais  c'est  surtoutdans  la  Russje  meridionale, 
en  (Trece.  Italie,  Turquie,  Dalmatie,  Istne,  Hongrie  et 
Roumanie  qu'il  s6vit  et  dans  ces  derniers  pays  il  se  pre- 
sente  souvent  sous  forme  de  fi^vre  r^miltente  grave  et 
pernicieuse. 

Les  ravages  causes  par  le  paludisme  sont  consid(^ra- 
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bles.  Ronald  Iloss  (1)  cite  pour  les  Indes  le  chiffre  de 
5.026.725  d6ces  pour  I'annce  1897  seulement.  Pour  Tlta- 
lie  Celli  donne  le  chitTre  de  15.000.  En  Roumanie  comme 
nous  le  veiTons  dans  le  chapitre  suivant  les  effets  du 
paludisme  sont  tout  aussi  d^sastreux  sinon  plus ;  aussi 
de  tout  temps  a-t-on  cherch6  &  lutter  contre  ce  fl6au. 
Mais  cen'est  que  dans  ces  derniferes  ann6es,  depuis  la 
d6couverte  de  son  6tiologie  et  de  Tagent  propagateur, 
que  la  prophylaxie  du  paludisme  est  devenue  vraiment 
efficace.  Les  beaux  resultats  obtenus  dans  divers  pays, 
notamment  en  Italie,  dans  la  lutte  entreprise  contre  cette 
affection  nous  demontrent  la  reelle  valeur  des  moyens 
de  defense  que  nous  possedons  actuellement  et  doivent 
nous  faire  consid6rer  Tapplication  de  ces  moyens  pr6- 
ventifs  comme  un  strict  devoir  qui  s'impose  dans  toutes 
les  regions  paludiques.  Aussi  en  traitant  ce  sujet  de  la 
prophylaxie  paludique,  en  relatant  les  derniferes  expe- 
riences et  les  r6sultats  obtenus,  nous  avons  cherch6 
a  mettre  en  Evidence  le  c6t6  pratique  de  la  question. 

Mais  avant  de  traiter  la  question  de  la  prophylaxie 
du  paludisme,  nous  avons  cru  bien  faire  en  donnant 
quelques  renseignements  sur  la  distribution  g6ographi- 
que  et  les  ravages  causes  par  le  paludisme  en  Rouma- 
nie, tout  en  regrettant  que  la  saison,  peu  propice  nous 
ait  priv6  du  moyen  d'6tudier  les  moustiques  de  ce  pays, 
avant  la  fln  de  ce  travail. 

(1)  Malaria  et  moustiques,  Rrout:  srienttfique,  1900,  i,  p.  769. 
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En  Roumanie  le  paludisme  est  repandu  sur  presque 
toute  la  surface  du  pays  mais  c'est  surtout  dans  les 
r6gions  avoisinant  le  Danube  et  dans  la  region  du  Prut 
entre  autres  qu'on  trouve  de  nombreux  foyers  paludi- 
ques. 

Par  suite  de  sa  conformation  g6ologique,  la  region 
du  Danube,  recouverted'un  trfes  grand  nombre  d'6tangs, 
marais  et  mar6cages,  est  soumise  a  de  fr6quentes  inon- 
dations.  Le  delta  du  Danube  et  le  nord  de  la  Dohrogea 
constituent  les  principaux  foyers  paludiques.  Cette 
region  trfes  mar6cageuse,  6tant  trfes  basse,  est  inond6e 
presque  chaque  ann6e  par  les  eaux  des  bras  du  Danube. 
D'autre  part  le  d6boisement  de  plusieurs  montagnes, 
fait  que  les  rivieres  qui  y'  prennent  leurs  origines  sent 
extremement  rapides  et  au  moment  des  grandes  pluies 
sortent  de  leurs  lits,  produisent  des  inondations  et 
contribuent  d'autant  aux  mauvaises  conditions  hygi6- 

(1)  La  plupart  des  details  que  nous  donnons  sur  le  paludisme  en 
Roumanie  et  surtout  les  eh  i  tires  statistiques,  nous  les  avons  enipnmtes 
k  Texceilent  travail  de  M.  le  protessour  Fidix :  Isturia  fgicnei  in 
Romania  in  sec.  XL\  ,si  starca  ri  Id  inccpuCid  srrolului  al  XX^ 
Bucarest.1901, 
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niques  de  cette  region.  La  grande  dillerence  de  niveau 
qui  exists  pour  certaines  de  ces  rivieres  entre  leur  point 
d'origine  et  le  point  ou  elles  viennent  se  d6verser  dans 
le  Danube  contribue  encore  u  favoriser  leur  d6borde- 
ment. 

Una  autre  cause  d'insalubrit6  de  cette  region  est  la 
grande  quantity  de  terre  et  sable  transport's  par  le 
Danube  et  qui  en  se  d6posant  dans  le  delta  ralentit  le 
courant  des  eaux  ;  les  terrains  d'alluvions  ainsi  formes 
constituent  comme  on  le  salt  un  tr6s  bon  milieu  pour  le 
d6veloppemcnt  des  moustiques. 

La  plaine  du  Prut  et  du  Sii'et  (Moldavie)  est  recou- 
verte  de  m6me  d'un  grand  nombre  de  marais  et  mar6- 
cages. 

Les  marais  et  etangs  existent  encore  dans  bien  d'autres 
regions. 

Ainsi  dans  le  district  de  Ja8sy,  a  part  les  fr'quentes 
inondations  des  petites  rivieres  qui  le  traveraent,  on 
trouve  181  marais  et  128  6tangs  ;  de  m^me  le  district 
d'llfov  (1)  pr'sente  56  marais  et  177  6tangs  avec  une 
superflcie  de  103  kilometres  carres,  etc.  Aussi  les  cas 
de  paludisme  sont  tr^s  frequents  dans  toutes  ces 
reigions  mar'cageuaes.  Ainsi  dans  le  district  cVIl/bv  (2) 
avec  une  population  rurale  de  342.252  h.  11  y  a  eu  pen- 
dant Tann^^e  1899  sur  46.000  consultations  gratuites 
8.104  cas  de  paludisme,  h  part  les  cas  de  paludisme 
observes  a  Bncarest  et  que  nous  donnarons  plus  loin. 

Dans  le  district  de  Corurhii  (tr6s  mar'cageux  aussi), 

(1)  D'  Stf.fam.sch,  Pririre  asnpra  malarim  in  Roniunia^  1898. 

(2)  Calausa  Sanitara  si  igicnica,  Bucarest,  1900. 
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pendant  la  n^eme  ann^e,  2.640  cas  sur  une  population 
rurale  de  81.397  h.  Dans  le  district  de  Romanati  (I) 
pendant  Tannee  1900,  7.804  paludiques  sur  une  popula^ 
tion  rurale  de  186.519  h.  Dans  le  district  de  Muscel 
(eau  stagnante  et  6tangs)  pour  98.730  h.  on  a  donn6 
9437  consultations  gratuites  dont  714  pour  des  oas  de 
paludisnie. 

Mais  de  nombreux  foyers  paludiques  existent  enoore, 
m6me  dana  les  regions  aaines,  d6pourvues  de  niar6- 
cages  et  a  Tabri  des  inondations.  Ainsi  h  Thdpitftl 
central  du  district  de  Vdlcea  en  1900  sur  1.792  entrants 
il  y  a  eu  78  paludiques  ;  dans  la  ville  de  Falticeni  (ville 
de  montagne)  en  1900  sur  9.643  h.,  367  paludiques. 
Dans  la  ville  de  Baca^i  (15.000  h.)  pc^ndant  Tann^e  1898 
on  a  soigne  gratqit^ment  2.433  nnalades  dont  283 
paludiques.  A  I'hopital  rural  Parincea  (Bacau)  en  1897 
sur  682  entrants,  68  paludiques  et  sur  7.719  consulta- 
tions gratuites,  1.163  paludiques. 

Le  defaut  complet  de  canalisation  dans  presque  toutes 
les  villes  de  province  favorisant  Taccumulation  et  la 
stagnation  des  eaux  le  long  des  trottoirs  et  dans  les 
interstices  du  pavage;  Thabitude  qu'ont  les  paysans  de 
certaines  communes  (districts  Arges  et  Olt)  depour- 
vues  d'eau,  de  creuser  des  fo&ses  pour  y  collecter  les 
eaux  de  pluies  qui  leur  servent  a  abreuver  le  betail ; 
les  barrages  qu'ils  etablissent  dans  les  petites  rivieres 
soit  pour  favoriser  la  multiplication  des  poissons  soit 
pour  s'en  servir  comme  d'un  pout ;  Tobstruotion  des 
fosses  qui  bordent  les  routes,  etc.,  sont  autant  de  causes 

(1)  Calausa  Sanitora  si  Ujienica,  Bucarest,  1900. 
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favorables  au  developpement  des  moustiques  et  qui 
nous  expliquent  tr^s  bien  la  presence  des  foyers  paludi- 
ques  dans  ces  regions. 

Maintenant  que  nous  avons  vu  la  repartition  du  palu- 
disme  en  Roumanie  nous  allons  donner  quelques  chif- 
fres  qui  prouveront  la  frequence  des  cas  de  fifevres 
paludeennes,  observees  pendant  un  certain  nombre 
d'annees . 

Voici  la  statistique  des  d^o^s  dans  les  villes  et  les 
hopitaux  (1). 

Pendant  Tannic  1893  ii  y  a  eu  683  decfes  par  paludisme. 


I80i 

435 

1895 

366 

1896 

522 

1897 

673 

1898 

527 

1899 

422 

Dans  la  ville  de  Bucarest  comme  on  le  verra  par  les 
chiffres  suivants,  les  d^cfes  ont  de  beaucoup  diminu6 
depuis  la  canalisation  de  la  DamboviUa,  riviere  qui  tra- 
verse la  ville : 

Pendant  Tannic  1868  11  y  a  eu     247  d^c^s. 

—  1879         —         240    — 

—  1875  -  170    — 

(1)  M.  le  professeur  Fdlix  fait  remarquer  dans  son  travail  (htoria 
Igionri  in  Romania)  quW  est  difficile  do.  sc  faire  uno  idee  bien  iiette 
des  effets  du  paiudisine  en  Roumanie  par  le  cliiffre  des  d(k*es  senile- 
nient;  parce  que  les  diagnostics  ne  sont  poses  que  dans  les  villes  et 
les  hopitaux,  et  qu'il  n'cxiste  aucune  statistique  pour  les  paysans 
qui  mourent  dans  les  villages. 
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Pendant  I'ann^e  1876    il  y  a  eu     112  deci-s. 


— 

1877 

107 

-- 

— 

1879 

97 

— 

— 

1881 

54 

— 

— 

1890 

55 

— 

— 

1891 

72 

— 

— 

1897 

!)0 

— 

— 

1898 

60 

— 

— 

18911 

98 

— 

Dans  ie  pays 

tout  entier 

out  6le  traile.s  comme  palu- 

diques 

Anneo 

Dnns 
les  hopitaux 

Cons.  grat. 

Par  les  im'd. 
d'arroud.    et 
par  les  nn'-d. 
de  districts. 

M»>diK-ins 
d«  villu 

Total 

1892 

10.272 

88.106 

7!t.623 

18.513 

UK>.  514 

1893 

8.081 

84.050 

75.703 

22.007 

100.241 

1891 

5.734 

72.233 

82.843 

21.183 

181.933 

1895 

6.367 

64.933 

53 . 667 

24.094 

M9.065 

1896 

5.971 

69.294 

43.145 

30.872 

149.282 

1897 

10.420 

116.139 

92.021 

43.470 

250.390 

1898 

10.736 

128.659 

73.364 

43.614 

256.373 

1899 

6.700 

78.17(5 

55.202 

38.772 

178.860 

La  recrudescence  du  paludisme  pendant  les  ann^es 
1897  et  1898,  est  due  aux  inondations  qui  ont  eu  limi  a 
cette  epoque. 

Dans  les  intirmeries  et  les  hopitaux  militairesont  ete 
trait6s  comme  paludiques  : 

En  1<S96        5.940  cas  dont  10  d6ces 

1897  8.843         —         1    ~ 

1898  8  831         —        6    — 
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•  Ont  ^t6  exerapt6s  du  service  railitaire  pour  infirmit6s 

dues  au  paludisme  : 

En  1891^  pour  hypertrophie  de  la  rate  2   cachexie  palustre    0 

1894  —  13  —       28 

1895  —  12  —       6 

1896  —  13—2 

1897  —  69—5 

1898  —  5—6 

1899  —  29—5 

Dans  les  prisons  de  I'Etat  il  y  a  eu  en  1896,  413  pa- 
ludiques  dont  2  d6cfes,  et  en  1897,  353  cas. 
On  voit  d'apr^s  ces  chifTres  combien  ofrands  sont  les 

''  ravages  du  paludisrae  en  Roumanie. 

I  Maintenant  comme  prophylaxie  on  a  dess6ch6  par  ci 

par  la  quelques  marais,  par  exemple  dans  les  districts 
de  Ilfov,  lalomitza,  Covurlui,  etc.  ;  on  a  fait  des  plan- 
tations de  saules  qui,  parait-il,  ont  donn6  de  tr6s  bons 

I  rteultats  ;  ainsi  dans  le  district  de  Constantza  on  plante 

chaque  ann6e  de  10.000  k  15.000  saules  autour  du  marais 

;  voisin  de  la  ville  de  Mejjidia.  En  ce  moment  on  veut 

dess6cher  le  delta  du  Danube  entro  les  bras  de  Saint- 

!  Georges  et  Sulina,  ce  qui  rondrait  en  m^me  temps  h 

Tagriculture  un  terrain  de  140.000  hectares  d'6tendue. 

'  Nous  devons  mentioimer  aussi  les  distributions  gra- 

tuites  de  quinine,  aux  paysans  paludiques,  par  les 
maires  des  villages.  Mais  il  reste  encore  beaucoup  pour 
ne  pas  dire  tout  a   faire  pour  que  le  pays  soit  comple- 

i  tement  deharrasso  du  paludisme. 
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KTIOLOGIE  DU  PALUDISME 
Parasite  et  moustique. 
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II  nous  est  impossible  de  parler  de  la  prophylaxie 
du  paludisme  sans  dire  quelques  mots  sur  son  parasite 
et  sur  le  moustique  qui  est  Togent  propagateur  de  cette 
affection.  Nous  le  ferons  d'ailleurs  brifevement  pour  ne 
pas  sortir  du  cadre  de  notre  sujet. 

Le  paludisme  est  du  a  un  parasite  qui  rentre  dans 
I'embranchement  des  protoj^oaires,  classe  des  sporo- 
soaires,  ordre  des  hcmosporidies  (1),  decouvert  en  1880 
par  M.  Laveran  et  qui  porte  son  nom,  H6mato:^oaire 
de  Laveran, 

Avant  cette  decouverte  on  attribuait  le  paludisme  a 
des  causes  diverses  :  aux  germes  de  Tair  (malaria),  oii 
auxgermes  de  la  terre  (tellurisme). 

Vers  le  milieu  du  xvn'  si^cle,  apr^s  que  Torti  (2), 
grace  au  quinquina,  eut  dilTerencie  cette  maladie  des 

(1)  R.  Blanchard,  Instruction  k  I'usa^c  des  niecL,  des  nat.  et  des 
voy.  Bulletin  de  I' Acad,  de  Mod.,  v.  xliv,  p.  7,  1900. 

(2)  PoucHET,  Lemons  de  Pkarmaro-dynamve,  vol.  nr. 
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autres  fi^vres  avec  lesquelles  elle  6tait  confondue, 
Morton,  Lancisi,  Pringle,  Baumes  observerent  que 
cette  maladie  s6vissait  surtout  dans  les  contr6es  ma- 
r6cageuses  et  furent  les  premiers  ^  emettre  la  th6orie 
longtemps  admise  que  le  paludisme  est  du  a  des  mias- 
mes  se  d^gageant  du  sol  ou  de  Teau  des  territoires 
infect6s.  En  1799  Rasori  et  Lancisi  attribuent  la  noci- 
vite  de  ces  miasmes  a  des  animalcules  provenant  de  la 
decomposition  des  matiferes  v6g6tales  des  marais. 

En  1846  Bassi  enseigne  que  les  parasites  produisent 
le  renouvellement  de  Tacc^s  par  facte  de  leur  repro- 
duction. 

Binz  en  1867  attribue  le  paludisme  a  des  organismes 
inferieurs  r6pandus  dans  le  sang  des  paludiques.  En 
1847  Meckel  d'abord,  Virchow  et  Frerichs  ensuite 
remarquferent  dans  le  sang  des  individus  adect^s  de 
paludisme  la  presence  d'un  pigment  noir  qu'on  appela 
pigment  de  la  malaria  ou  mdanine. 

C'est  en  6tudiant  ce  pigment  que  M.  Laveran  fait  sa 
grande  d6couverte  (1^80)  et  d6montre  que  ce  pigment 
estproduit  dans  le  corps  d'innombrables  et  minuscules 
parasites  qui  vivent  dans  les  globules  rouges  du  sang. 

Ce  parasite  se  pr6sente  dans  le  sang  sous  des  formes 
varices  : 

Corps  spheriques^  corps  en  rosace,  corps  en  croissant^ 
VQiremGut  corps  Jlarjelles.  L'organisme  adulte  compl^te- 
ment  separ6  de  Thematie  dans  laquelle  il  se  developpe 
prend  le  nom  de  Sclu::ontes.  L'h^matozoaire  pr6senle 
deux  cycles  evolutifs  bicn  distincts  : 

Un  cycle  endogene   asexue  (schizogonie)  par  sporu- 
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lation  qui  6voliie  en  entier  dans  le  sang  de  I'homme  et 
qui  donne  naissance  aux  gametes  qui  concourent  h  la 
reproduction  sexu6e ;  et  un  cycle  exogene  sexue  qui  6vo- 
lue  dans  Testomac  des  Anopheles.  Cette  reproduction 
sexu6e  porte  le  nom  de  sporogonie  et  le  r6sultat  de  la 
f6condation,  sporo^oUe.  Le  'Zygote  est  le  macrogamfete 
fecond6. 

Lesauteurs  italiens  admettent  trois  h6matozoaires  dis- 
tincls :  Le  Plasmodium  malariw  qui  donnerait  nais- 
sance a  la  quarte,  le  P.  vivax  a  la  tierce  et  le  P,  prcecox 
a  la  fifevre  pernicieuse,  quotidienne,  tierce  maligne,  es- 
tivo-automnale ;  en  France,  Laveran,  Labb6,  Metschni- 
kov,  Blanchard  considferent  ces  formes  comme  de  sim- 
ples vari6tes  d  evolution  d'un  m6me  parasite. 

MousTiQUES.  L'agent  piopagateur  dupaludisme  est  le 
moustique.  C'est  un  diptfere,  appartenant  au  sous-or- 
dre  des  Nimatoceres  et  il  constilue  la  famille  des  Culrci- 
dae  (1).  Des  huit  genres  que  comprend  cette  famille, 
seules  les  diff6rentes  espfeces  du  genre  Anopheles  (A. 
claviger,  bifurcatus,  A.  pseudopictus  pour  TEurope, 
A.  Rossii  dans  les  Indes,  A.  costalis  et  funestus  au 
Sierra-Leone  ;  A.  Coustani  a  Madagascar)  sont  capa- 
bles  de  determiner  Tinfection  paludique.  Cestla  femelle 
de  I'Anopheles  seule  qui  transmet  la  maladie,  le  male 
6tant  frugivore. 

Les  Anopheles  pr^sentent  de  nombreux  caracteres 
distinctifs  qui  permettent  leur  diR^renciation  d'avec  les 


./ 


(1)  R.  Blanchard,  loc.  cit.  —  J.  Guiart,  Les  raoustiques,  impor- 
tance de  leur  r61e  en  medecine  et  hygi6ne.  Annates  d'ht/gwne 
publiquc  at  de  mdderine  legale,  novenibre  1900. 
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mouatiques  du  genre  Culex  qui  sont  les  plus  rdpandus 
d'ailleurs.  Rieu  qu'en  regardant  un  mousdque  po86  sur 
un  mur  on  pent  distlnguer  si  o'est  un  Anopheles  ou  un 
Culex  (1).  Le  Culex  a  le  corps  parallfele  au  mur  ou  for- 
mant  avec  lui  un  angle  trfes  aigu.  L* Anopheles  au  con* 
traire  tient  son  corps  presque  perpendiculaire ;  de  plus, 
ses  pattes  sont  plus  longues  et  plus  gr6les  et  la  paire 
post6rieure  se  relfeve  fortement  vers  le  haut. 

La  femelle  depose  ses  oeufs  a  la  surface  des  eaux  dor- 
mantes  ou  0  faible  courant  et  la  larve  6ol6t  le  deuxi6me 
jour  aprfes  la  ponte.  En  dehors  m6me  d'autres  caract6- 
res,  il  est  facile  de  distinguer  une  larve  d'Anopheles 
d'une  larve  de  Culex  rien  que  d'apr^s  sa  position  dans 
Teau.  La  larve  de  Culex  quand  elle  respire  se  tient  ver- 
ticalement  par  rapport  a  la  surface  de  Teau,  la  t6te  en 
has,  de  plus  elle  est  tr6s  remuante.  La  larve  d'Anophe^ 
les  flotte  horizontalement  h  la  surface  de  Teau,  reste 
immobile,  ne  se  ddpla^ant  que  rarement. 

La  larve  du  Culex  se  d6veloppe  dans  n'importe  quelle 
eau  plus  ou  moins  croupissante,  la  larve  d'Anopheles 
au  contraire  se  tient  de  pr6f6renoe  dans  les  eaux  claires, 
dormantes,  6pur6e8  par  une  riche  vegetation. 

Les  moustiques  tendent  h  se  disperser  suivant  un 
plan  horizontal  s'^levant  fit  peine  de  quelques  mfetres 
au-dessus  du  sol ;  c'est  pourquoi  les  lieux  6lev6s  et  les 
stages  superieurs  des  maisons  sont  plus  salubres  que 
les  rez-de-ohau8s6e  ;  de  plus  ils  craignent  les  endroits 
bien  ventil6s  et  ne  s'eloignent  pas  beaucoup  de  leur  re- 
el) R.  Blanchard,  loc.  cit 


Digitized  by 


Google 


I 


^ 


—  19  — 

traitea  moins  d'6treport6sparlevent,eteneffetQnftvait 
observe  depiiis  longtemps  que  les  foyers  paludiquea 
6taient  toujours  circonsorits  et  dans  les  endroits  abri- 
t6B.  Ainsi  la  cit6  de  Norma  (1)  oonstruite  au  sommet 
d'un  rocher  est  trfes  aalubre  landis  qu'en  dessous  une 
autre  oit6,  Ninfa,  tr6s  floriasante  au  temps  des  papes,  ae 
trouve  aujourd'hui  corapletement  d6peupl66,  a  cause  du 
paludisme  qui  y  s6vil.  Demfime  a  Oonstantine,  a  Rome, 
etc.,  les  quart iers  61ev6s  sont  6pargn6s  tandis  que  lea 
quartiers  bas  sont  infest6s  par  les  moustiques. 

R6le  des  moustiques,  —  Laveran  en  1884  avait  deja 
6mis  1  hypoth^se  de  la  contagion  par  le  moustique  par 
analogie  avec  ce  qui  ae  passe  avec  la  FilcUre  Nocturne. 
Koch  et  plus  tard  Bignarai  et  Mendini  6mirent  cette 
m6me  th6orie  en  se  basant  sur  des  raisons  6pid6miolo- 
giques  mais  sans  donner  aueune  preuveft  Tappui.  G'est 
Patrick  Manson  (1894)  qui  en  etudiant  revolution  de 
rh6matozoaire  6mit  le  premier  Topinion  d'un  cycle  ex- 
tra-humain  de  ce  parasite  et  c'est  sous  son  impulsion 
que  Ronald  Ross  decouvrit  finalement  en  1898  le  roJe 
jou6  par  le  moustique  dans  la  propagation  du  paludisme, 
en  travaillant  sur  des  oiseaux  parasit6s  ^QvVHccmani'joba 
Danilevskyi,  h6matozoaire  voisin  de  celui  de  Laveran. 
Presque  en  m^me  temps  Grassi,  en  Italie,  remarque  la 
connexite  trfes  6vidente  entre  la  repartition  geographi- 
que  du  paludisme  et  les  Anopheles,  qu'il  considere 
comme  le  seul  agent  propagateur  du  paludisme. 

Des  nombreuses  experiences   ulterieures  faites  avec 


i 


(I)  A.  Cf.lli.  Malaria,  secondo  nuove  riclierche,  1900. 
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Bignami,  Basti,  Anelli,  ont  confirme  cette  observation. 
Enfin  le  22  d6cembre  1898  Grassi  (1)  d6crit  tout  le  cy- 
cle evolutif  de  I'H^matozoaire  de  I'hommedans  le  corps 
du  moustique.  Voici  en  quelques  mots  ce  qui  se  passe. 
Supposons  qu'un  Anopheles  vient  de  piquer  un  palu- 
dique ;  avec  le  sang  qu'il  suce  TH^matozoaire  penetre 
aussi  dans  son  estomac.  Une  fois  lu  il  y  a  f6condation 
des  macrof/amdtes  (6l6ments  femelles)  par  les  microga- 
metes  (61,  males),  leproduit  de  la  f6condation,  zygote,  pe- 
nfetre  dans  la  paroi  de  Testomac  et  finalement  vient 
faire  saillie  a  la  surface  externe  de  Testomac  sous 
forme  de  petits  kystes  qui  au  bout  d'un  certain  temps 
sedechirent  et  les  sporo^oUes  fusiformes  produits  par  la 
division  des  zygotes  tombent  dans  la  cavit6  g6n6rale  de 
Tanimal,  d'ou  par  un  proc6d6  inconnu  encore,  probable- 
i  ment  par  le  courant  sanguin,  ils  arrivent  jusque  dans  les 

I  glandes  salivaires  et  de  la  dans  les  canaux  excr^teurs  et 

alors  si  le  moustique  vient  piquer  quelqu'un,  avec  la 
goutte  de  venin  qu'il  d6pose  dans  la  plaie,  les  parasites 
penfetrent  egalement. 

(1)  Ciclo  evolutiro  deUo  semilune  neH'  Anopheles  Claviger  edal- 
tri  stud,  sulla  malaria.  Ann.  (Tlgiene  Sport mrn( al c  lS{i9.  vol.  IX, 
p.  258. 
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PROPHYLAXIE  DU  PALUDISME 


Les  moyens  de  d6fense  centre  le  paludisme  ont  vari6 
suivant  i'opinion  qu'on  se  faisait  de  l'6tioiogie  de  cette 
maladie.  Ainsi  Lancisi  (1717)  attribuant  le  paludisme  qui 
s6vissait  dans  la  campagne  romaine  aux  6manations  des 
Marais-Pontins  (1)  conseillait  la  conservation  des  forfits 
situ6es  entreces  marais  et  la  ville.  On  a  pratiqu6  depuis 
assez  longtemps  I'assainissement  des  regions  mar6ca- 
geuses,  Texperience  ayant  prouve  la  connexion  qui  existe 
entre  les  foyers  paludiques  et  ces  regions  ;  ainsi  les  di{!6- 
rents  travaux  du  temps  des  Romains  et  la  Cloaca  maxima 
en  particulier  n'6tait  autre  chose  qu'une  grande  u^uvre 
de  drainage  et  fonctionne  encore  comme  telle  aujour- 
d'hui.  Lind  cite  le  fait  que  les  habitants  de  la  campagne 
romaine  portaient  aucou  des  sachets  d'ail  et  de  camphre 
pour  Eloigner  les  moustiques.  La  fumee  ^tait  employee 
Mepuis  assez  longtemps  dans  le  m6me  but  et  le  paysan 
roumain  aujourd'hui  encore  brule  de  la  bouse  s^che 
pour  Eloigner  les  insectes.  Mais  ce  n'est  que  depuis  la 


(1)  A.  PouCHET,  loco  citato. 
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j  connaissance  du  role  que  joue  le  moustique  dans  la 

propagation  de  cette  maladie  que  la  prophylaxie  palu- 

dique  est  devenue  vraiment  efficace.  Aujourd'hui  on 

sait  que  le  parasite  du  paludisme  ne  se  trouve  que  chez 

i]  rhomme  et  le  moustique,  chez  Thomme  pendant  toute 

If 

*i  I'annee,  chez  le  moustique  pendant  quatre  ou  cmq  mois 

seulement.  Ceci  6tant  connu,  tous  les  efforts  tendent 

d'une  part  a  modifier  les  conditions  favorables  au  d6ve- 

■  loppement  des  moustiques  en  assainissant  les  terrains 

i  paludiques  et  a  d6truire  les  Anopheles  et  leurs  larves, 

j  agents  propagateurs  dela  maladie  ;  d'autre  part  a  mettre 

y  rhomme  a  I'abri  de  leurs  piqures  et  en  guerissant  les 

:  paludiques  de  les  mettre  dans  Timpossibiiite  d'infecter 

a  leur  tour  les  moustiques.  Par  consequent,  assainisse- 

i  mentf  destruction  des  moustiques  et  larves  et  moyens  de 

protection  de  Vhomtne  contre  la  piqure  des  moustiques 

I  (moyens  mecaniques  et  moyens  th6rapeutiques),  voila 

les  trois  grands  chapitres  que  nous  allons  maintenant 

6tudier.  Mais  avant,  nous  dirons  quelques   mots  sur 

I'immunite  que  presentei^aient  certaines  races  a  cette 

atlection  et  sur  les  essais    d'immunisation    artificielle 

tenths  en  Italie  par  le  professeur  Celli,  question  qui  se 

rattache  directement  a  la  prophylaxie  du  paludisme. 

Immunity  naturelle  et  essais  d'immunisation 
artifioielle. 

La  question  de  savoir  si  certaines  races  pr6senteraient 
une  immunit6  naturelie  ou  h6reditaire  a  une  r6elle 
importance  au  point  de  vue  prophylactique ;  ainsi  dans 
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les  colonies  par  exemple  on  aurait  tout  interet  a  faire 
travaiiler  des  negres  clans  les  regions  oii  les  blancs  ne 
peuvent  pas  vivre  sans  tomber  malades.  Mais,  comme 
nous  le  verrons  plus  loin,  auoune  race,  pas  memo  la  race 
noire  ne  presente  une  imraunit6  h6r6ditaire  au  palu- 
disme ;  tout  ce  qu'on  observe,  c'est  une  certaine  resis- 
tance plus  grande  a  Tinfection,  due  a  Tadaptation  des 
populations  aux  conditions  climat^riques  et  miasmati- 
ques  locales.  Lind  (1)  et  Pringle  avaient  d6ja  observe 
pendant  la  guerre  de  Hollande  que  Tarm^e  anglaise  6tait 
d6cin)6e  par  les  fifevres  paludiques  tandis  que  les  indi- 
genes restaient  indemnes.  Boudin  (2)  avait  in8ist6  sp6- 
cialement  sur  rimmunite  des  nfegres  au  paludisme. 
Mais  Laveran  (3)  dans  Thistoire  m6dicale  de  Texpedi- 
tion  du  Niger  cite  le  fait  suivant:  sur  545  blancs,  130 
eurent  des  fifevres ;  parmi  les  25  nfegres  embarqu6s  en 
Angleterre,  11  cas ;  sur  les  nfegres  recrutes  en  Afrique 
on  n^observa  aucun  cas  de  fifevres ;  ce  qui  prouve,  dit 
M.  Laveran,  que  cette  immunity  relative  des  nfegres  ne 
depend  pas  de  la  race  mais  de  leur  adaptation  aux  con- 
ditions miasmatiques  du  pays.  Aussi  Hirsch  (4)  note  la 
frequence  du  paludisme  parmi  les  nfegres  d'Abyssinie. 
L.  Colin  (5)  conteste  aussi  rimmunit6  sp6ciale  des  noirs 


(1)  A  Cklli,  Suirimmunitii  deU'infezione  malarica,  An,  d^Igiene 
Sperirnentale,  ix,  1899. 

(2)  Acclimatation  des   races   humnines    sur  diners  points  du 
globe, 

(3)  Diction*  enct/clop.  des  sciences  medicates ,  1867. 

(4)  Handbuch  des  historisch.  geoqraph.  Pat.holngle  Erlanqen, 
1860. 

(5)  Traiie  desjievres  inter niitientes,  Paris,  1870. 
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et  relate  que  parmi  les  troupes  fraucaises  de  Toccupa- 
tion  de  Rome  on  rencontrait  comme  en  Alg6rie  des 
formes  paludiques  qui  s'observaient  rarement  parmi  les 
indigenes.  Tomasi-Crudeli  (1879  et  1882)  par  contre  dit 
que  le  degr6  de  resistance  individuelle  coatre  le  palu- 
disme,  est  quelquefois  h6r6ditaire  au  point  de  devenir 
caract^ristique  d'une  race,  il  cite  les  habitants  des 
Abruzzes  et  de  la  campagne  romaine  qui  pr6senteraient 
une  resistance  beaucoup  plus  grande  que  les  autres 
populations.  E.  Maurel  (1)  dit  que,  parmi  toutes  les 
races,  les  noirs  sont  ceux  qui  resistent  le  mieux  et 
W.  H.  Welch  (2)  constate  que  les  noirs  hospitalises  de 
Baltimore  pr6sentent  une  resistance,  comparativement 
avec  le  blanc,  dans  la  proportion  de  1  sur  3. 

Enfln  Plehn  et  R.  Koch  (3)  observent  que  les  negres 
de  TAfrique  orientale  qui  habitent  sur  la  cote  paiudique 
ne  presentent  que  des  accfes  de  fifevre  legfere,  tandis  que 
les  negres  des  regions  saines  qui  descendent  a  la  cote, 
presentent  des  accfes  graves  tout  comme  les  Europeens. 

Par  consequent,  comme  nous  Tavons  deja  dit  au  com- 
mencement dece  chapitre,  aucune  race,  pas  m6mela  race 
noire,  ne  presente  une  immunite  congenitale  ou  h6r6di- 
taire ;  mais  les  noirs  comme  les  blancs  peuvent  a  la 
longue  acquerir  une  certaine  resistance  due  a  leur  adap- 
tion aux  conditions  climat6riques  locales. 

Immunity  artiflcielle.  —  A.  Celli  a  fait  de  nom- 
breuses  experiences  pour  essayer  de  conf6rer  une  immu- 

(1)  Truite  des  tnalar^ics  paludecnnes  a  la  GuijanCy  1883. 

(2)  A  Sf/slcni  of  Practical  mcd.  bij  American  Authors^  1897. 
{'^)Rclse  Berichte   1888. 
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nit^artificielle  ;  mais  il  a  compl6tement  echou6,  soit  en 
injeclant  du  serum  sanguin  provenaut  d'un  paludiqae, 
soit  en  pratiquant  des  injections  de  sues  de  differents 
organes  :  cerveau,  ganglions  lymphatiques,  rate,  moelle 
osseuse,  foie,  pancreas.  II  a  fait  aussi  des  essais  d'im- 
munisation  medicamenteuse  ;  en  pratiquant  sur  un 
cheval  des  injections  intra-veineuses  de  chlorhydrate 
de  quinine  pour  obtenir  ainsi  une  sorte  de  serum  ana- 
logue au  serum  antidiphterique,  et  qu'il  injecte  ensuite 
a  des  individus  paludiques  ;  le  resultat  a  et6  nul.  II  a 
essay6  de  meme  Tiodure  de  potassium,  Tantipyrine, 
I'acide  ars^nieux,  etc.  L'euquinine  et  le  bleu  de  methy- 
lene son!  les  seules  substances  qui  lui  ont  donn6  des 
resultats  meilleurs. 

Le  seul  fait  certain  qull  a  observe  c'est  une  prolonga- 
tion de  la  periode  d  incubation. 
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I.  ASSAINISSEMENT 


L'assainisseme*nt  cdtaprend  une  strife  dfe  ti'avaux 
capables  de  modifier  l6s  rtiauvaises  conditions  hygiStti- 
ques  d'une  region  et  dans  le  cas  qui  nous  occUpe,  la 
suppression  de  toutes  les  causes  susceptibies  de  pro- 
duire  les  petltes  flaques  d'eau  stagnante  qui  comrae  on 
le  sait,  constituent  r6l6ment  absolurtient  nScessaire  au 
d6veloppement  des  moustiques  qui  viennent  y  d6poser 
leurs  oDufs.  Aussi  dess6cher  les  mares,  les  mar6cages, 
r6gulariser  la  nappe  d'eau  souterraine  qui  entretient 
rhumidit6  du  sol,  mettre  en  mouvement  les  eaux  sta- 
gnantes,  emp6cher  les  inondations  de  se  produire, 
maintenir  le  niveau  constant  des  eaux  des  lacs  et 
6tangs,  c'est  supprimer  toutes  les  conditions  propices 
au  d6veloppement  des  Anoph^eles  et  par  consequent  a  la 
propagation  du  paludisme. 

Les  moyens  qu'on  a  employe  sont  nombreux  :  ils 
dependent  surtout  du  domaine  de  Ting^nieur,  aussi 
nous  nous  contenlerons  de  les  indiquer  brifevement. 


Digitized  by 


Google 


—  27  — 


Moyens  pour  6viter  les  Inondations  (U- 


a)  Les  plantations  sur  les  montagnes  et  versants  des 
collines.  Pour  devier  une  partie  des  eaux  de  pluie. 

b)  Les  levees  et  barrages  transversaux,  formes  par 
des  troncs  d'arbres  ou  en  maQonnerie,  ne  sont  plus 
employes  aujourd'hui. 

c)  JJendiguement.  Pour  erap^cher  le  d^bordement 
des  rivieres  et  au  bord  dela  mer  pour  empecher  rinon- 
dation  des  terres  basses  dites  wattringues. 

d)  Bassins  et  canaux  de  diTtvation^  qui  servent  a 
conduire  letrop-plein  des  eaux  dans  des  reservoirs  sp6- 
ciauxet  empecher  ainsi  leur  d^bordement. 

e)  Travaux  pour  emp6cher  Verosion  du  lit  de  la 
rivifere. 

/)  Curage  des  cours  d'eaux.  Pour  empecher  Tenlise- 
ment  des  petites  rivieres,  par  les  terres  qu'elles  char- 
rient. 

g)  Begularisationde  Tembouchure  des  petites  rivieres 
dans  les  fleuves  et  surtout  des  petits  cours  d'eau  qui 
d6bouchent  a  la  mer  et  qui  souvent  sont  obstrues  par 
les  dunes  qui  se  forment  sur  le  rivage;  ainsi  dans  la 
valine  du  Boivre  (Loire-Inf^rieure)  on  a  construit  un 
aqueduc,  par  dessus  lequel  la  dune  a  pu  se  reformer 
sans  dommage.  Mais  il  ne  sufflt  pas  d'assurer  seulement 
r^coulement  des  eaux,  il  faut  aussi  aviser  de  ne  laisser 
partir  que  celles  qui   suraboiident  et  en  meme    temps 

(1)  Celli,  Malaria  secondo  nnoce  richrrche,   1900. 
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emp^cher  renvahissement  des  eaux  ext6rieures  ;  k  cet 
effet  on  eraploie  un  systfeme  dit  porte  a  bascule  oxxporte 
mecanique, 

Rdgularisation  des  lacs  (1).  —  Les  eaux  de  cer- 
tains lacs  subissent  de  grandes  oscillations  suivant 
r^poque  de  Tannee  et  suivant  les  annees. 

Aussi  on  doit  par  des  barrages  et  des  canaux  mainte- 
nir  leur  niveau  constant  pour  emp6cher  d'une  part  la 
baisse  des  eaux  pendant  les  grandes  chaleurs  —  ce  qui 
constituerait  un  veritable  foyer  de  moustiques.  surtout 
si  le  fond  est  vaseux  —  et  d'autre  part  les  inondations 
de  se  produire  pendant  la  crue  des  eaux. 

Dessdchement  des  6tangs.  —  Lorsque  le  fond  est 
vaseux  et  profond,  que  le  terrain  situ6  au-dela  de  la 
chauss6e  de  r6tang  est  bien  en  contre-bas  du  fond  qu'on 
veut  ass6cher,  le  dessechement  d'un  6tang  est  assez 
facile.  II  suffit  de  le  mettre  k  sec  et  d'ouvrir  un  foss6  de 
largeur  et  pente  suffisantes  pour  permettre  Tecoulement 
rapide  de  Teau. 

Puis  on  assainit  le  fond  par  des  drains  pour  obtenir 
un  terrain  suffisamment  resistant  et  susceptible  d'etre 
labour^.  C'est  ainsi  que  Ton  a  dess6ch6  les  etangs  de  la 
plainedu  Forez  dans  le  Berry,  Tetang  duPujaut  (Gard) 
en  1630,  etc. 


(1)  Laveran,  Projet  d'instruction  pour  la  prophylaxie  du  palu- 
disme.  Bull.  Acad,  mdd.,  xuii,  p.  580,  1900. 
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Deux  cas  se  pr6- 


Dess^chement  des  marais. 

sentent (1)  : 

a)  Pour  ies  marais  dont  la  disposition  des  lieux  est 
telle  qu'il  existe  un  point  inf6rieur  par  lequel  Teau  puisse 
trouver  une  issue  permanente  ou  periodique,  le  moyen 
le  plus  simple  est  la  construction  des  canaux  avec  une 
pente  suffisante  pour  permettre  Tecoulement  rapide  des 
eaux  ;  mais  tres  souvent  il  arrive  qu'ils  soient  envahis 
par  une  v6g6tation  luxuriante  qui  en  ralentissant  lecou- 
rant  favorise  aussi  le  deiveloppement  des  moustiques. 

b)  Comprend  Ies  marais  dont  la  surface  6tant  infe- 
rieure  a  tous  Ies  points  environnants,  forme  pour  ainsi 
dire  une  cuvette  dont  le  liquide  ne  s'6chappe  que  lors- 
qu'il  est  arrive  a  une  hauteur  determin6e  ;  en  d'autres 
termes,  Ies  marais  dont  le  fond  pr6sente  quelques  points 
plus  bas  que  la  mer  ou  Ies  lieux  environnants.  Dans  ce 
cas,  la  construction  des  canaux  etant  impossible  a  cause 
du  manque  de  pente  n^cessaire  on  a  eu  recours  a  Tepui- 
sement  par  des  machines  hydrauliques  (p.  ex.  a  Ostia, 
Marcarese,  dans  Ies  Landes,  Corse,  etc.). 

Mais  pour  avoir  une  bonne  amelioration  hygienique 
il  faut  r^gulariser  aussi  le  cours  des  eaux  souterraines. 

Eau  souterraine.  — Pour  rem^dier  6  Thumidit^  du 
sol  due  a  la  proximite  dela  nappe  d'eau  souterraine  et  a 
rirapermeabilite  du  terrain,  le  moyen  le  plus  usit6  et  le 
plus  efJicace  est  le  drainage,  qui  consiste  a  creuser  des 
canaux  souterrains  a  parois  perm6ables,  reraplis  d'air, 
qui  fonctionnent  comme  centre  d'attraction  pour  Teau 

(1)  Chaupbntier  de  Cossigny,  Hydrauliquc  agricolc. 
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dii  terrain  environnant.  Ces  drains  doivent  6tre  en  nom- 
bre  suffisant  et  avec  une  pente  assez  prononc6e  paF 
rapport  aiix  canaux  coUeoteurs  ou  fieuvea  ou  ils  se 
divergent,  pour  pouvoir  emp6cher  efficacement  la  for- 
mation des  mar^cagea. 

Les  premiers  drains,  appei6s  dans  certains  pays 
aussi,  rigoles,  gouttieres,  fosserets,  consistaient  en  un 
fos86  rempli  de  bois,  fasoines,  qaelquefois  de  pierres 
et  reconvert  d'une  couche  de  terre  asses  6peusse  pour 
permettre  le  labourage.  Dans  la  campagne  romaine 
(A.  Celli)  ils  sont  formes  par  des  grands  blocs  de  tuf  dis- 
poses de  mani6re  a  circonscrire  une  rigole  et  remplis 
avec  des  pierres  et  du  gravier. 

Aujourd'hui  on  pratique  le  drainage  par  des  grands 
tubes  en  terre  poreuse  qui  viennent  se  d6verser  dans 
d'autres  tubes  plus  grands,  drains  collecieurs. 

Le  drainage  a  donne  de  trfes  bons  r^sultats  en  France, 
AUemagne,  Angleterre,  etc.,  partout  ou  il  a  6t6  prati- 
que. 

Dans  les  regions  ou  sous  la  couche  d'argile  imper- 
meable on  trouve  une  couche  perm6able  de  cailloux, 
graviers,  galets,  on  a  utilise  dans  le  m^me  but  les  puits 
absorbants  (boit-toutj.  On  perfore  en  plusieurs  endroits 
la  couche  d'argile  et  le  niveau  de  Teau  baisse,  une 
grande  quantite  s'ecoulant  en  dessous  par  ces  ouver- 
tures. 

Culture  intensive,  —  Tous  ces  travaux  d'assainis- 
sementr  pour  qu'ils  soienl  vraiment  efficaces,  doivent 
etre  completes  par  la  culture  qui  rend  le  terrain  encore 
plus  salubre  en  le  rendant  plus  permeable. 
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La  meilleure,  est  la  culture  intensive  qui  e^t  ausei  la 
plus  r^Qum^ratrioe.  B*  Graasi  (1)  fait  oertaines  restric- 
tions a  ce  sujet.  D'apr^s  lui  la  culture  intensive  reussit 
toujours  a  diminuer  les  cas  de  paludisme  mais  seule^ 
ment  dans  les  regions  depQurvuea  d'irrigations,  comnie 
par  exemple  dans  certaines  regions  de  Tltalie  oil  Ton  a 
etablit  dea  vignes  et  ou  depujs  les  cas  de  paludisme 
sont  en  decroissance  et  les  Anopheles  presque  disparus. 
Par  contre  la  culture  intensive  dans  les  regions  irriguees, 
comme  la  Lombardie,  non  seulement  n'a  pas  diminu6 
les  cas  de  paludisme,  mais  au  contraire  a  favorise  son 
developpement  et  celui  des  Anopheles. 

Pour  que  la  culture  intensive  puisse  reussir  dans  ces 
dernieres  regions,  il  faut  que  Teau  qui  sert  a  Tirriga- 
tion  soit  asse^  rapide  pour  emp6cher  ainsi  le  developpe- 
ment des  moustiques. 

Plantations.  —  Toujours  dans  un  but  d'assainisse- 
ment  on  a  pr^conise  les  plantations  d'eucali/ptas,  pins 
et  sanies.  lis  agissent  grace  a  une  activite  d'absorption 
par  leurs  racines  qui  est  en  rapport  avec  I'activite  d  eva- 
poration par  les  feuilles.  La  croissance  rapide  de  Teu- 
calyptus  et  ses  proprietes  hydrophiles  Tindiquent  tout 
sp6cialement  dans  les  regions  on  il  peut  s'acclimater. 
En  faisant  ces  plantations  il  faut  disposer  les  arbres 
de  facon  a  ce  qu'il  ne  puissent  empecher  Finsolation  du 
sol  et  la  circulation  de  Tair.  Les  eucalyptus  out  donne 
de  Ir^s  bons  resultats  en  Algerie  ;  de  meme  les  planta- 
tions de  saules  en  Roumanie  et  Angleterre. 

(1)  Stndi  di  uno  soologo  suila  malaria^  1900 
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D^boisement.  —  Le  d^boisement  dans  certains  cas 
a  produit  une  v6ri table  amelioration  des  conditions  hygi6- 
niques  en  permettant  le  nivellement  du  terrain,  la  cons- 
truction des  canaux,  le  drainage  et  la  culture. 

Conca,  Campomonte  (Italic)  ont  6t6  am61iorees  de 
cette  faQon. 

Enfin  GreUei  (1)  cite  la  disparition  du  paludisme  du 
plateau  de  Chatillon-sur-Loing  (Loiret)  a  Ja  suite  de 
rincorporation  aux  terres  de  culture  d'une  certaine 
quantity  de  chaux  (le  marnage  avait  6te  fait  (1840)  au 
point  de  vue  cultural  seulement).  La  culture  abon- 
dante  qui  s'en  est  suivie  contribua  pour  beaucoup  pro- 
bableinent  h  la  disparition  du  paludisme. 

£  (1)  L'influence  antimalariqiie  de  la  chaux.  Ra',  ScicnHfiquc,  xii', 

^  n-  17, 1899. 
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II.    DESTRUCTION   DES  MOUSTIQUES    ' 


D'aprfes  les  nombreuses  experiences  qui  ont  6t6  faites 
a  ce  sujet  il  r6sulte  qu'on  a  tout  avantage  a  d6truire  le 
moustique  h  T^lat  de  larve  jeune,  car,  a  cette  p6riode  de 
son  Evolution  il  r6siste  beaucoup  moins  a  Taction  des 
diff6rentes  substances  culicides  qu  a  1  etat  adulte  (1). 
Cette  manifere  de  proceder  pr6sente  encore  cet  avantage, 
surtout  si  on  op6re  a  la  fin  de  Thiver  ou  au  commence- 
ment du  printemps,  alors  que  la  nouvelle  g6n6ration 
n'est  pas  encore  d6velopp6e,  de  pouvoir  d6truire  Tes- 
p6ce  compl6teraent  et  a  peu  de  frais. 

Les  substances  employees  a  cet  effet  sont  extreme 
^  ment  nombreuses. 

EUes  varient  suivant  qu'on  veut  d6truire  les  larves  ou 
le  moustique  adulte. 

a)  Destruction  des  larves.  —  Colli  et  O.  Cassa- 
grandi  (1)  qui  ont  6tudi6  de  tres  pr6s  Taction  culicide 
d'un  grand  nombre  de  substances,  considerent  comme 

(1)  Cklli  e  O.  Cassagrandi.  Per  la  distruzione  delle  Zanzarc. 
Annali  d'Igiene  spcrimcniale,  vol  XI,  1899,  page  317. 
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inefficace  toute  substance  qui  ne  tue  pas  la  larve  au  bout 
de  72  heures  et  parmi  ces  substances   il  cite  : 

Le  Permanganate  de  Potasse  n/100  jusqu'a  1  Voo  * 

L'Acide  Ars6nieux  en  solution  ammoniacale  a  lOVo  ; 

Le  P6trole  a  0,05  centg.  pour  100  centim.  cub.  a  la 
temperature  de  18*^. 

De  m^me  les  larves  vivent  trfes  bien  dans  I'eau 
gazeuse,  Teau  sulfureuse  non  satur6e  (Eau  de  Tivoli)et 
dans  Teau  de  mer. 

Parmi  les  Substances  qui  tuent  les  larces  il  note  que  : 

Le  pertnanganale  de  potasse  a  5  °/oo  pr6sente  Taction 
la  plus  lente.  II  ne  tue  la  larve  qu'au  bout  de  72  heures. 
Le  melange  avec  HCl  est  plus  actif. 

Le  sublime  corrosif  est  plus  actif  a  1  7oo,  tue  difficile- 
ment  la  larve,  mais  ne  tue  pas  la  nymphe. 

Le  lait  de  chaux  a  1  7oo  tue  la  larve  en  72  heures.  N'a 
aucune  action  sur  la  nymphe. 

LEau  sulfureuse  satur^e  de  So^  est  tres  active  mais 
trfes  pen  pratique.  Attaque  les  objets  en  fer,  d^truit  la 
vegetation  ce  qui  serait  un  avantage  en  d6sobstruant 
les  canaux,  mais  en  m6me  temps  elle  devient  un  daiiger 
pour  les  terrains  cultiv6s,  irrigu6s  par  cette  eau  ;  de 
plus  elle  r6pand  uneodeur  desagr6able  et  est  d'un  prix 
6lev6. 

Parmi  les  substances  v^gdtales  les  plus  actives 
sont :  d'abord  I'in/usion  de  feuilles  de  tabac,  ensuite,  la 
poudre  de  chrysanth^me  (qui  est  soluble  dans  Teau). 
Les  autres  poudres  du  commerce  sont  peu  efTicaces. 

Ces  substances  ne  sont  pas  toxiques  pour  les  herbi- 
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vores,  mais  en  revRnche  elles  sont  rtocivea  pour  cer- 
tains vers,  mollusques  et  poissons. 

Parmi  les  substances  coloratites,  les  plus  em- 
ployees sont  le  gallol  et  le  vert  de  malachite.  A  la  dose 
de  0,60  7oo  ^lles  tuent  en  6  a  12  heures.  A  la  dose 
minime  de  0,0015  elles  tuent  encore  la  larve  en  48  heut-es, 
lenympheen  101  heures. 

En  pratique  on  fait  d'abord  une  solution  concentre^e 
qu'on  dilue  ensuite  dans  Teau  d'ou  Ton  veut  detruireles 
larves.  Pour  regler  la  quantit6  de  solution  necessaire 
on  procfede  suivant  le  proc6de  colorimetrique.  Les  cou- 
leurs  d'aniline  sont  d'un  emploi  facile.  Elles  sont  trfes 
solubles  et  diffusibles  dans  Teau,  ne  pr6sentent  aucun 
danger  pour  les  plantes  herbacees  ni  pour  les  terrains 
cultiv6s.  Lour  grand  desavantage  c'est  que  en  m6me 
temps  que  les  larves  elles  detruisent  aussi  tous  les  autres 
animaux  qui  vivent  dans  cette  eau,  grenouilles,  pois- 
sons, etc.  Quant  a  leur  action  sur  les  mammifferes,  elle 
est  nulle  a  la  dose  minime  employee  pour  la  destruction 
dcs  larves. 

Ainsi  le  gallol  a  la  dose  de  0,20  centigr.  n'est  pas 
toxique  (pris  par  la  bouche)  pour  tin  lapin  ou  art  cobdye 
de400  grammes,  et  a  la  dose  de  0,50  centigr.  pour  un 
chien  deSkilogs.  La  dose  toxique  tninima  pour  un  lapin 
est  de0,50  centigr.  Cette  meme  dose  de  0,50  centigr.,. 
chez  le  chien  ne  produit  que  des  vomissemgnts  (1). 

P6trole. — De  toutes  les  substances  employees  pour 
la  destruction  des  larves,  c'est  le  petrote  qui  a  donne  les 

(1)  CELLiet  O.  Cassagrandi. 
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meilleurs  r6sultats.  Utilist^   en  Amerique   d6j«    depuis 
unecinquantaine  d'ann6es,son  usage  ne  s  est  generalise 
que  dans  ces  derniers  temps,  a  la  suite  de  nombreuses 
experiences  faites  un^peu  partout.  Les  premiers  essais 
furent  peu  encourageants  (Roberto,  Lamborn,   Aaron, 
1890).  Plus  tard  Howard  (1893)   reussita  detruire  tons 
les  insectes  (dans  le  voisinage  de  Washigton)  en  recou- 
vrant  121,92  metres   de    superficie    avec  68  litres  de 
petrole.  Gelli  et  O.  Cassagrandi  (1892\  aprfes  plusieurs 
experiences  conclurent  que  Taction  du  petrole  seul  n'est 
pas  bien  certaine  et  on  a  essaye  de  le  rendre  plus  actif 
en  Tassociant  avec   le  sulfate  de  /e/'(\VitfieId),  avec  la 
lanoline,  oaaeline  (1),  ou  avec  le  goudron  (2\  C'est  avec 
cette  derniere  substance  qu'il  a  donnede  Irfes  bons  resul- 
tats. 

Le  petrole  pr6sente  le  grand  avantage  sur  les  autres 
substances  deja  citees,  d'etre  absolument  inoff'ensif  pour 
les  poissons  et  les  autres  animaux  qui  vivent  dans 
Teau  et  de  n'exerccr  aucune  action  novice  sur  les  mam- 
mifferes  ni  sur  les  plantes.  Son  emploi  s'impose  dans 
toutes  les  regions  infestees  par  les  moustiques  et  sur- 
tout  dans  les  pays  qui  possedent  des  mines  de  petrole, 
a  cause  de  son  eflicacite  et  de  son  faible  prix  de  revient, 
L'action  du  petrole  sur  les  larves  est  absolument 
mecanique. 


(I)F'ermi  et  LuMBAU.  Tentative  di  protez.  doiruomo  contro  le 
zanzarc  mediante  mezzi  ehiinici.  Annali  d'hjicne  spcrinicntafe. 
vol.  XI,  lyoo. 

(2)  Laveran.  —  Ausujot  de  la  destruct.  des  larvos  de  moust.  par 
huile  deptitrole.  C.   R.  Soc  do  bid.,  LII.  1900. 
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Les  larves  par  suite  de  la  conformation  de  leur  appa- 
reil  respiratoire  ne  peuvent  pas  utiliser  Toxygfene  de 
Teau;  aussi,  pour  respirer  elles  sont  forcees  de  venir 
mettre  en  contact  l'extr6mite  de  leur  tube  aerien  avec  la 
surface  de  Teau,  alors  quelques'gouttes  de  petrole  pene- 
trant dans  rint^rieur  de  I'appareil  respiratoire  et  produi- 
sent  ainsi  i'asphyxie  de  la  larve. ' 

La  dose  de  petrole  efRcace,  est  de  10  centimetres 
cubes  par  mfetre  carre,  on  ne  tient  aucun  comple  du 
volume  de  lean.  La  seul  precaution  a  prendre,  c'est  que 
le  p6trole  fasse  une  couche  continue  a  la  surface  de 
Teau  qu'on  veut  assainir ;  pour  cela,  il  faut  le  verser 
lentement  et  sur  plusieurs  points  differents  de  la  pi6ce 
d'eau.  Un  autre  proc^de  consiste  a  promener  a  la  sur- 
face de  Teau  un  torchon  imbibe  de  p6trole,  fix6  au  bout 
d'une  perche  (1).  Le  moment  propice  a  cette  operation 
est  la  fin  de  Thiver  ou  le  commencement  du  printemps 
alors  que  les  larves  sont  peu  nombreuses  et  la  genera- 
tion nouvelle  pas  encore  formee.  On  renouvelle  Top^ra- 
tion  tous  les  15  jours,  jusqu'a  I'apparition  des  premiers 
froids.  Pourtant,  pendant  1  ete,  a  cause  des  grandes 
chaleurs  qui  favorisent  son  evaporation  il  serait  prudent 
de  renouveler  le  petrole  tous  les  12  jours.  Une  autre 
cause  qui  contribue  aussi  a  diminuer  la  dur6e  de  son 
action  c'est  la  richesse  en  mati^res  organiques  que  pr^- 
sentent  certaines  eaux  paludiques. 

(1)  A.  LwKRAN,  Ppojot  d'iristructioii  pour  la  prophylaxie  du  palu 
disnie.  Ban.  Acad.moL  (3).  xi.ni,  n-oSl,  1900. 
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b)  DestruotiOQ  du  moustique  parfait.  —  La  des- 
truction des  moustiques  adultos  se   pratique  en  toute 
saison.  Leur  destruction  s'impose  quand  on  veut  faire 
\  une  prophylaxie  rigoureuse.  Apr^s  avoir  garni  les  mai-^ 

I  sons  par  des  toiles  njfitalliquea,  oomme  nous  rindiquo- 

rons  dans  le  chapitre  suivant,  il  est  n6cessaire  de  faire 
i  chaque  jour  le  nettoyage  complet  des  chambres  pour  tuer 

I  tous  les  moustiques  qui  ont  pu  s'y  introduire  furtive- 

I  ment.  L'emploi  des  substances  culicides  s'impose  encore 

j  quand  on  est  oblige  de  passer  la  nuit  en  plein  air  et  alors, 

!disons~ie  tout  de  suite,  le  meilleur  moyen,  quand  on  ne 
dispose  pas  d'une  moustiqunire,  est  de  faire  un'bon  feu 
Ide  pailie,  la  fum6e  fitant  un  excellent  culifuge. 
Les  substances  recommand6es  pour  la  destruction,  ou 
plutot  pour  r^loigneraent  des  moustiques,  sont  trfta 
nombreuses;  nous  nen  citerons  que  quelques-unes. 
Weeder  (1880)  recommande  la  fum6e  de  feuilles  de 
i;  mentha  pulegiutn  ou  son  huila  essentielle,   Campbell 

(1891),  la  fum^e  de  pyrdthre,  on  a  propose  encore  la 
tirebenihine,  Yiodq forme,  la  menthol,  le  camphre,  la 
naphtaline,  1^  soujre,  la  sansoline,  etc.  Toutes  ces  subs- 
tnnces  ne  font  qu'61oigner  ou  endormir  le  moustique, 
rarement  elles  le  tuent,  a  moins  qu'elles  n'agissent  pen- 
!  dant  longtemps  et  dans  un  espace  bien  clos  pour  que 

I,  toute  Tatmosph^re  en  soit  bien  impregnee ;  aussi  leur 

emploi  en  plein  air  n'a  aucun  valeur  comme  culicide. 
Celli  et  O.  Cassagrandi  (1)  qui  ont  experiments  toutes 
ces  substances,  les   divisent  en   trois  classes  :    subs- 

(1)  l.oco  citato. 
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tances  odorif^rantes,  fum^e  et  //a^.  Voici   le  tableau 
qu'ils  donnent  relativement  h  leur  action : 

a)  Substances  odorif^antes : 

Mort  app&rente      Mort  r^tlle 

T6r6benthine 1*  1' 

lodoforme 10'  40' 

Menthol 10*     ,  45' 

Camphre , . , 4'  4  5'  4  6  5  heqres 

Naphtaline 10' k  35'  8  » 

Ail par  moment  48        » 

b)  Fwnee : 

Fum6e  de  tabac k  rinstant  1'  k  3' 

Poudre  de  chrysanth^me 5*  1  heure 

Feiiilles  fraichesd'eucalyptus.  3'  ft  B'  3      » 

Fumee  de  bois par  moment  48     »> 

Poudre  de  pyr^thres par  moment  5      )) 

c)  Ga-j : 

Anhydride  sulfureuse k  I'instant        1' 

Ammoniaque t'  8* 

Fermi  et  Lumbau  (1),  recommandent  oomme  tree 
actives  les  vapeurs  de  chlore  (quatre  6  oinq  ouilleiees  de 
chlorui'e  de  chaux  sur  une  assiette  et  verBer  deasua 
5  a  10  centimetres  cubes  de  So'H'.)  Seulemnnt  les 
vapeurs  de  chlore  etant  trfes  irrjtanles,  on  ne  pent  em- 
ployer ce  proced6  que  dans  les  chambres  ou  on  a'a  paw 


(1)  Fr-uMi  et   Lumbau,  Liberazione  di  una  citta   da|la  zanzarc. 
AnnaL  d'lyiene  Sperinicntale,  1900,  vol  x. 
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besoin  d'entrer  peadant  plusieurs  heures,  par  exemple 
dansles  chambres  non  habitees  pendant  le  jour. 

De  cet  expose  nous  voyons  que  les  meiileures  subs- 
tances culicides  et  les  plus  facilement  utili^sables  sont : 
la  fum6e  de  tabac  ou  de  feuilles  d'eucalytus  et  parmi  les 
gaz,  les  vapeurs  de  chlore,  mais  a  condition  d'operer  en 
espace  clos  et  pendant  un  certain  temps  ;  autrement  on 
ne  fait  qu'endormi^:  les  moustiques. 

Maintenant  que  nousavons6tudi6aussi  compl6tement 
que  possible  Taction  des  diverses  substances  culicides 
nous  allons  relater  brievement  les  r6sultats  obtenus,  en 
employant  ce  proc6d6  (destruction  des  moustiques),  par 
CI.  Ferriet  Tonsini  (1)  dans  leur  tentative  d'assainisse- 
ment  de  I'tle  Asinaria.  Mais  disons-le  tout  de  suite,  les 
r6sultats  trfes  satisfaisants  obtenus  par  Fermi  et  Lum- 
bau,  sont  dus  en  grande  partie  aux  conditions  sp6ciales 
dans  lesquelles  ils  ont  op6re  ;  autrement  par  Temploi 
seul  de  ce  proced6,  tout  ce  qu'on  pent  obtenir  c'est 
seulement  une  diminution  du  nombre  des  moustiques 
mais  nullement  la  disparition  complete  du  paludisme. 

L*ile  Asinaria,  petite  ile  au  nord  de  la  Sardaigne, 
n'est  habitue  que  par  un  petit  nombre  d'habitants,  par 
les  condamn6s  et  par  le  personnel  du  lazaret  et  de  la 
colonie  p^nitentiaire.  Elle  contient  plusieurs  mares  et 
6tangs. 

La  destruction  des  larves  fut  faite  par  le  p^trole,  du 
mois  de  mai  jusqu'^  la  fin  de  novembre  ;  la  destruction 
des  moustiques  libres.  par  un  melange   de  poudre  de 

(1)  La  profilassi  della  malaria  e  la  distruzione  delle  zanzare 
neli'isolo  dell'  Asinaria.  Ann.d'Liiene  Spnrimcntalc.  vol  x,  1900. 
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chrysanthetne,  pyrethre,  valeriane  etc.,  et  la  zanzoline 
de  Celli  et  O.  Cassagrandi  ;  dans  les-dortoirs  des  con- 
damnes  on  employa  les  vapeurs  de  chlore.  En  dehors 
de  cela  on  ne  fit  usage  que  des  toiles  metalliques,  fix6es 
aux  fen6tres. 

Les  r6sultats  obtenus  furent  les  suivants  ;  on  ne 
trouva  aucun  Anopheles  dans  aucune  des  habitations  et 
les  Culex  pipiens  titaient  de  beaucoup  diminues  compa- 
rativement  a  rann6e  pr6c6dente.  On  n'observa  aGcun  cas 
nouveau  de  paludisme. 
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III.    PROTECTION  DE    L'HOMME   CONTRjE    LES 
PIQURES  PE  MOUSTIQUES 


a)  Moyensm^caniques.  —  La  protection  de  rhomme 
contre  la  piqure  des  Anopheles  est  importante  a  un 
double  point  de  vue  ;  d'abord,  parce  que,  en  6vitant  la 
piqiire,  on  evite  Tinfection  paludique,  ensuite  en  isolant 
ainsi  les  malades  on  les  empeche  d'infecter  k  leur  tour 
les  moustiques,  propagateurs  du  paludisme.  On  arrive 
au  meme  resultat  aussi,  par  Temploi  des  sels  de  quinine 
et  deTarsenic,  comme  nous  le  verrons  dans  le  chapitre 
suivant. 

Les  moustiques,  on  le  sait,  pendant  le  jour  restcnt  ca- 
ches dans  les  bosquets,  les  excavations  des  arbres,  ies 
recoins  des  habitations  ;  ils  ne  font  leur  apparition  qu  a- 
pres  le  coucherdu  soieil.  Par  consequent,  dans  les  re- 
gions paludiques,  il  /hut  (loiter  de  sortir  avant  le  lever 
et  apres  lecoucher  du  soieil  ;  quand  on  est  force  de  le 
fairc,  voiciles  precautions  a  prendre  :  Se  couvrir  la  face 
et  la  nuque  par  un  sac  en  tulle  ou  en  gaze  fine,  raettre  par- 
dessus  un  chapeau  a  largos  bords,  les  extremites  infe- 
rieures  du  voile  inst'nves  sous  le  col  du  vetement.  Porter 
des  gants  et  habits  assez  epais. 
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Toujours  dans  le  memo  but  on  trouve  dans  le  com- 
merce one  foule  de />om/>7ar/{?,s  ou  liqiiides  qui  etendues 
sur  la  peau  ou  sur  los  vetements,  sorviraient  a  eloigner 
les  moustiques.  Tous  ces  produits  a  base  de  vaselin^^ 
lanoline,  huile  de  rtcin,  huile  de  fote  de  morue,  huile 
d'amandes  ameres,  etc.,  'dvecsulfure  d'alhjte,  aldehyde 
bensoique,  aau  de  goudron^  eucalyptus,  etc.,  sont  ab- 
solument  inefRcaces  (1)  pour  t'aire  une  bonne  propby- 
laxie,  leur  action  etant  trcs  faible  et  d'une  dur6e  mi- 
nime,  une  a  deux  hcures  dani=i  les  maisons,  une  demi- 
heurea  une  heure  a  Tair  fibre. 

Toiles  mMallique^,  —  Uiisage  des  toiles  raetalliques 
aux  portes,  fenetres,  cheminees,  constitue  le  mejllenr 
moyen  prophylactique  en  euipechant  la  penetration  des 
moustiques  dans  les  habitations.  Pour  etre  efficaces,  les 
mailles  ne  doivent  pas  avoir  plus  de  2  inm,  de  c6te,  (il 
exclu  (2).  EUes  doivent  fermer  herm6tiquement  toutea 
les  ouverturcs. 

Pour  avoir  une  idee  bien  nette  de  ce  que  c'est  qu'une 
installation  de  ce  genre,  de  la  fagon  de  proceder,  ef  de 
leii-r  reelle  efficacite,  nous  ne  pouvons  mieux  faire  que 
de  relater  quelques  experiences  qui  ont  ete  faites  a  ca 
sujet,  surtout  rexperience  d'A/6aA^c//a  faite  par  Qram 
en  1900. 

Uexperiencede  Grassi  {S)  35  mars  jusqu'^q  30  no- 

(l)FEiiMr  e  LuMBAU.  Tentavive  di  pnUez.  deiruoino  contro  le 
zanzare  median te  mezzi  chiniiei.  Annali  d'ujiene  spvrun.,  1900. 
Vol.  X. 

(2)  B.  GrAssi,  Stadl  di  una  ^oolofjo  snnti   ntahtria,  1900. 

(3)  B.  Grassi,  Rendi  coni,  ddla  /?.  arad.  dot  Ltncoi,  ix  lax.  6, 
1900. 

NEVEu-LfiMAiRE,  cxpo8(5  des  ox  per.  du  prof.  Grass!  sur  la  proph. 
du  paludisme,  Archives  de  parasitologic^  in,  1900. 
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vembre  1900),  a  6te  faite  sur  les  employes  de  cheniin  de 
ferde  la  lignequi  v'a  de  liattipar/lia  a  Poestum  et  qui 
traverse  un  pays  extremement  paludique.  Cetle  ligne 
de  20  km.  a  et6  divisee  en  trois  troiiQons.  Sur  le  pre- 
mier troncon  du  premier  au  cinquifeme  kilometre,  et 
sur  le  troisienie  du  dix-septieme  kilometres  jusqua 
Poestum  on  n'a  pris  aucune  mesure  de  protection  sauf 
le  traitement  par  la  quinine  de  tons  ceux  qui  avaient  eu 
des  acces  I'ann^e  pr6cedente. 

Sur  lapartie  dela  ligne  comprise  entre  cesdeux  tron- 
?on8,  jsone  protdg^e,  d'une  etendue  de  12  km.  compre- 
nant  dix  maisons  et  une  gare,  habitee  par  cent  treize 
personnes  dont  trente-trois  enfants,  on  prit  les  mesures 
suivantes:  Avant  lapparition  de  la  saison  des  fievres 
(26  juin)  on  a  traite,  comme  sur  les  deux  autres  tronQons, 
tous  les  anciens  paludiques  ayant  eu  des  rechutes  pen- 
dant rhiver  et  le  printemps  et  on  a  garni  toutes  les 
maisons  par  des  toiles  metalliques.  Le  14  juin,  Grassi 
observa  les  premiers  Anopheles  infectes  et  douze  jours 
apres  (p6riode  d'incubation),  le  26  juin,  constata  le  pre- 
mier cas  de  lievre  dans  la  region  non  protegee.  A  partir 
dece  moment  on  cesse  Tadministration  de  la  quinine  aux 
habitants  de  la  zone  protegee.  Voici  maintenant  en  quoi 
consistait  la  protection  : 

On  avait  garni  toutes  les  ouvertures  des  maisons,  fen6- 
tes,  cheminees  par  des  toiles  metalliques  &  mailles  assez 
fines  pour  emp^cher  les  moustiques  de  passer.  Doubles 
portes  en  toiles  m6talliqnes,  munies  d'un  ressort  qui  les 
ferme  automatiquement.  Laporte  qui  fait  communiquer 
la  maison  avec  Texterieur  s'ouvre  dans  une  cage  en  toile 
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metallique,  une  sorte  do  vestibule  cjui  presente  a  sou 
tour  uue  petite  porte  basse,  munie  asa  partie  superieure 
d'une  toile  fine  qui  se  tend  quand  on  ouvre  la  porte  et 
qui  a  pour  but  d'empt^cher  les  Anopheles  de  penetrer  de 
haut  en  bas,  suivant  leur  habitude.  En  dehors  de  ces 
precautions,  les  habitants,  apres  le  coucher  du  soleil,  ne 
sortaient  que  la  figure  et  le  cou  proteges  par  un  voile 
a  mailles  fines  et  les  mains  protegees  par  des  gants  epais. 

R^suUat,  Dans  la  zone  protegee  aucun  cas  d'infection 
recente,  dans  la  zone  non  protegee,  tout  le  nionde  plus 
ou  moins  atteint  de  fievres. 

L" Experience  de  Mallei  [1),  faite  a  la  station  de  Valsa- 
ro/a,  endroit  fortement  paludiquc,  distante  de  une  lieure 
de  la  station  de  Catania,  On  a  garni  les  fenetreset  portes 
dedeux  chambres  par  des  toiles  metalliques  fines.  Cinq 
personnes  furent  soumises  a  Texperience  parmi  lesquel- 
les  Tauteur.  Ces  quatre  personnes,  des  ouvriers,  pre- 
naient  le  train  chaque  matin  pour  aller  a  Catania  oi^i  ils 
travaiUaient,  revenaient  le  soir  a  7  h.  30  et  imniedia- 
temfent  apres  la  descente  du  train  s'enfermaient  dansleurs 
chambres,  jusqu'au  lendemain  matin.  Pour  se  proteger, 
a  la  descente  du  train,  contre  les  moustiques,  qui  etaient 
trfes  nombrcux,  ils  se  badigeonnaient  la  face  et  les  autres 
parties  decouvertes  avec  de  la  terebenthine  ou  avec  un 
savon  a  la  terebenthine.  Pour  plus  de  securite  une  fois 
rentres  chez  eux  on  brulait  de  la  zanzoline  et  on  visitait 
minutieusement  tons  les  coins  et  recoins  de  rhabitation. 
Pas  de  quinine,  ni  arsenic.  L'experienco  dura  du  7  octo- 

(1)  La  profilassi  malariea  ?nlla  protezione  dell'  nomo  dalle  zan- 
zare-  Anna/,  (i'i^icne  spcruiientnh\  1900.   V  et  X. 
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bre  au  28  noverabre  et  on  ne  constata  aucun  cas  deji^vre 
parmi  les  ouvriers  ainsi  proteg6s ;  les  habitants  non  pro- 
t6g6g  euVent  tous  des  acces  de  fievres,  plus  ou  moins 
graves. 

b)  Prophylaxie  par  moyens  th^rapeutiques 

La  quinine  a  et6  administree  fort  souvent  dans  un  but 
preservatif,  mais  les  avis  exprimes  par  les  auteurs  au 
sujet  de  son  efficacit6  sont  assez  discordants.  Ainsi  le 
m6decin  en  chef  des  troupes  anglaises  qui  ont  corabattu 
les  Ashantees,  Anthyony  Home,  regarde  comme  des 
plus  douteux  les  resultats  de  Tadministration  preven- 
tive de  la  quinine.  Morehead  (1)  fait  prendre  tous  les 
deux  jours  aux  soldats  anglais  en  marche  dans  les  jun- 
gles, 0  gr.  13  de  sulfate  de  quinine,  pendant  une  dizaine 
de  jours.  Aucun  d'eux  n'a  eu  la  ficvre,  mais  il  faut  dire 
que  la  saison  paludique  6tait  pass6e.  Presquea  lanieme 
epoquc,  en  Espagne,  Valery  Meunier,  malgre  la  distri- 
bution de  vin  de  quinquina  au  personnel  d'un  chantier 
de  construction  d'une  voie  ferr6e,  constate  que  les  ^cinq 
sixiemes  des  ouvriers  ont  des  fievres.  Griestnger  tire  la 
m6nie  conclusion  defavorable  de  Texpedition  au  Niger 
en  1841.  Cependant  plus  tard,  d'apres  Boyson  et  Bal- 
^bur  Tadministration  preventive  de  la  quinine  parut 
offrir  quelque  efficacite  ;  mais  dans  le  voyage  de  Livings- 
ton au  Zanibeso  c'est  a  peine  si  elle  eut  quelque 
influence  preservatrice.  Si  les  resultats  obtenus,  dans 
ces  diverses  experiences,  ont  ete  pen   favorables,    cela 

(1)  LoNGUET,  Semainc  medicale^  1891.   Prophyl.   des  fievres  in- 
terra.  par  la  quinine. 
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tient  ^  ce  ^ue  la  dose  de  quinine  fidministree  etait  trop 
faible,  pour  agir  eflicacement  «ur  le  parasite  ;  aussi,, 
commenous  le  verronsplus  loin,  k  iipesurequeles  auteurs 
ont  perfectionne  80n  mode  d'administration,  les  resul- 
tats  ont  ete  de  plus  en  plus  concluants  et  actuellement 
I'administiation  dessels  de  quinine  est  consideree  comma 
un  des  meilleurs  moyens  prophylactiques.  Ainsi,  Thorel 
a  pu  parcourir  les  regions  les  plus  insalubres  du  Me- 
Kong  sans  que  ni  lui  ni  ses  compagnons  contractassent 
la  fievre,  avec  0  gr.  60  a  0  gr.  80  de  sulfate  de  quinine 
par  semaine. 

A  Asinie  sur  la  cote  ouest  de  TAfrique,  les  officiers  de 
la  Pinelope  faisant  une  excursion  dans  la  region  mare- 
cageuse  de  TanoS  prirent  tous  du  sulfate  dc  quinine^ 
Texception  d'un  seul  qui  refusa  d'cn  prendre  confiant 
dans  son  immunite  ;  huit  jours  apres  il  a  ete  pris  de  vio- 
lents  acces  de  flevre  intermittente  bilieuse  tandis  que 
ses  compagnons  ont  ete  absolument  indemnes.  Le  fait 
suivant  est  CHt<^  par  Bri/son.  Quatre-vingts  matelots 
envoyes  a  Siera-Leone  pour  y  travailler,  prirent  tous 
dela  quinine  ;  Tofficier  qui  les  commandait  s'en  abstint; 
seul  11  a  eu  la  tievre,  etc.  Jilek  (1),  de  Pola  (Istrie)  rap- 
porte  que:  sur  763  soldats  loges  dans  une  meme caserne, 
en  pays  palustre,  500  regoivcot  0  gr.  10  de  sulfate  de 
quinine  et  18  0/0  seulement  ont  des  fievres  legeres  avec 
peu  derecidives,  tandis  que  les230hommes  qui  n'avaient 
pas  eu  de  quinine  ont  fourni  28  0/0  de  paludiques. 

L'aide  chirurgien  Wacren  donne  a  200  liommes  de 

(1)  The  medic,  and  Sur^^^  Hi  star  r/  of  the  IVnr  of  Rl  bell  ion,  1888, 
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son  regiment  en  operations  dans  les  zones  fi^vreuses  de 
la  Caroline  du  Sud,  0  gr.  30  de  sulfate  de  quinine  par 
jour,  d  avril  ^  octobre  1863  ;  ils  ne  lui  fournissent  que 
quatre  fifevres  intermittentes.  Le  reste  du  regiment  3  a 
400  hommes  soumis  h  une  autre  direction  medicale, 
pr6sente  plus  de  300  cas  de  fievres.  Pendant  la  meme 
ann6e  1863  et  dans  les  postes  les  plus  fievreux  du  meme 
Etat  le  chirurgien  Samuel  Logan  en  administrant  Ogr.25 
de  sulfate  de  quinine  par  jour  a  un  certain  nombre  de  ses 
hommes,  fait  le  releve  suivant :  230  sans  quinine,  four- 
nissent 134  fi6vreux  soil  58  0/0;  246  qui  en  prennent 
irr6gulierement,  96  malades,  soit  39  0/0 ;  enfin  506  qui 
la  prennent  regulierement  n'ont  que  98  fievreux,  soit 
19  0/0.  De  meme  lesstatistiquesdesmedecins  americains, 
qui  Tout  largement  exp6rimentee  dans  la  guerre  de 
Secession,  sont  tres  favorables.  Graeser,  (experiences 
sur  bateaux  marchands)  a  obtenu  des  r6sultats  tres  sa- 
tisfaisants  avecl  gr.  de  quinine  pendant  trois  jours  con- 
s6cutifs,  ensuite  trois  fois  par  semaine  pendant  tout  le 
s6jour  dans  la  zone  dangereuse. 


Action  de  la  quinine  sur  Vheniatoj^oaire  et  mode 
d'  admi  nitration 

L'action  de  la  quinine  est  double  ;  d'une  part  elle  exalte 
le  pouvoir  phagocytaire  des  leucocytes,  d'autre  part  elle 
agit  directement  sur  I'liematozoaire.  Sous  son  influence 
on  voit  en  effet  les  parasites  prendre  leurs  formes  cada- 
veriques;  les  flagclla  surtout,  disparaissent  rapidement 
par  la  medication  quinique. 


Digitized  by 


Google 


—  49 


U  parait,  d'aprfes  les  experiences  faites  par  clivers  aii- 
teurs,  que  la  quinine  n'agit  pas  d'une  egale  maniere  sur 
les  diflf^rentes  formes  du  parasite. 

Gualdi  et  F.  Martirano  (1)  (Septembre  1899.  Hopital 
de  Santo-Spirito)  ont  experiraente  sur  phisieurs  paludi- 
ques,  dont  le  sang  contenait  des  hematozoaires  aux  diffe- 
rents  stades  de  leur  d^veloppement,  pour  6tudier  Taction 
specifique  des  sels  de  quinine  sur  le  parasite  et  en  meme 
temps  pour  determiner  si  la  quinine  en  circulation  dans 
un  sang-charge  de  corps  en  croissants,  pourrait  empechei 
leur  developpement  ult6rieur  dans  Testomac  des  mousti- 
ques  qui  viendraient  piquer  les  malades  a  ce  moment  la. 

Voici  les  conclusions  auxquels  ils  sont  arrives. 

a)  La  quinine  administree  a  la  dose  de  2  gr.  50  en  une 
seule  fois  et  ensuite  a  la  dose  de  1  gr.  a  1  gr.  50  pendant 
plusieurs  jours,  ne  fait  pas  disparaltre  les  croissants  du 
dusang,  quoique  Tindividu  paludique  se  reconstitue  et 
presente  I'apparence  de  I'homme  non  infecte. 

La  cure  de  quinine  par  doses  intensives,  commencee 
apres  plusieurs  attaques  febriles,  ne previent  pas  la  for- 
mation des  croissants. 

b)  La  quinine  circulant  dans  lesang  kn'importe  quelle 
dose,  sufflsante  pour  delruire  les  parasites  amiboides, 
non  seulement  ne  tue  pas  les  croissants,  mais  n'empee/ie 
pas  meme  leur  developpement  ult^rieur  dans  Vestomac 
des  Anopheles, 

Les  sels  de  quinine  ne  sontacti/s  que  contre  les  for  men 

H)  L*azione  deHa  ehinina  suUeseniilune.  Annali  d'Iglene  Spc/i- 
mcniale,  1900,  Vol.  x. 
(1)  Loc,  cit. 
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amiboides  des  parasites,  Les  formes  parasitaires  qui 
assurent  la  vie  du  germe  dans  le  corps  du  moustique 
sont  r^fractaires  a  la  quinine. 
Ba8tianelli,Bignaini,Dionisi,6mettentlam6me  opinion. 
Grassi  (1)  fait  observer  que  si  les  croissants  persistent  en 
effet  pendant  longtemps  dans  le  sang  des  paludiques, 
toutefois,  10  ou  12  jours  aprds  la  disparition  du  dernier 
acc^s  ^^brile,  ils  perdent  la  capacity  de  se  d6velopper 
dans  I'estomac  des  Anopheles.  Une  autre  remarque  que 
nous  devons  faire,  c'est  que  les  r6cidives  sont  i  redouter 
tant  que  le  parasite  se  trouve  dans  le  sang,  mfime  s'il  a 
perdu  la  faculte  de  se  d6velopper  dans  Testomac  des 
Anopheles  et  d'apr^s  les  dijBf6rents  auteurs,  Grassi,  La- 
veran,  lesang  n'est  compldtement  ddsinfect^  qu'apr^s  un 
iraitement,  continue  pendant  au  moins  deux  mots  aprds 
la  disparition  du  dernier  accds  dejiivre, 
\  Quant  h  la  dose  et  au  mode  d'administration  preven- 

tive de  la  quinine  ils  varient  suivant  les  auteurs ;  Koch 
donne  la  quinine  a  des  intervalles  doign^s,  un  gramme 
tons  les  sept  ou  huit  jours.  Grassi,  Laveran  consid6rent 
I  cette  methode  comme  incertaine  et  pr6conisent  Tadmi- 

?  nistration  de  la  quinine  k  la  dose  jour  nali^re  de  0  gr,  20 

i]  ou  0  gr,  40  tous  les  deux  jours.   L'inconv(3nient  des 

!  sels  de  quinine  c*est  leur  goilt  desagreable  et  les  diffd- 

1  rents  troubles  cerebraux,  stomacaux,  etc.,  qui  rendent 

\  leur  emploi  prolong^  assez  difficile. 

\  En  resum6,  de  tout  ce  que  nous  avons  dit  sur  la  qui- 

1  nine,  il  resulte :  que  son  action  prophyldctique  est  reelle  ; 

S  que  les  sels  de  quinine,  meme  a  faible  dose,  circulant 

]  (1)  Loc,  cit. 
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dans  le  sang,  empcchent  completement  le  dioeloppemeni 
de  V hematojsocCh^e,  Par  consequent,  dans  les  regions  inal- 
saines,  ilfaut  administrer  a  tons  les  individus,  pendant 
la  saison  paludique  (juin,  octobre)  les  sets  de  quinine  a 
dose  preventive  de  0  gr.  20  par  jour  ou  0  gr.  40  tons  les 
deux  jours.  Soumettre  tous  les  anciens  paludiques  (qui 
ont  eu  des  acces  dans  le  courant  de  Tannee)  a  une  Ion- 
gue  cure  de  quinine.  Cette  cure  doit  etre  faite  pendant 
les  mois  de  Janvier  a  juin,  c'est-^-dire  avant  Tappari- 
tion  des  moustiques  ;  aprfes  avoir  ainsi  d6sinfect6  le  sang 
des  anciens  paludiques,  en  le  d^barrassant  des  parasites 
qu'il  contenait  et  qui  constituaient  la  seule  source  d'in- 
fection  paludique  durant  ces  mois,  il  faut  continuer  la 
quinine  A  doses  purement  preventives  pendant  toute  la 
saison  paludique, 

Celli,  Panegrossi  (1),  Conti  (2)  recommandent  aussi 
Veuquinine  qui  ne  presente  pas  le  gotlt  d6sagr6able  de  la 
quinine  et  n'occasionnerait  aucun  trouble  dans  Torga- 
nisme. 

Li'arsenlc  a  6te  preconise  depuis  longtemps  dans  le 
traitement  de  la  cachexie  palustre  (Fowler,  1786 ;  au  xix® 
si^cle  par  Fodere,  Lordat  et  surtout  Boudin  ;  KeFsch  et 
Kirner  (3),  Laveran).  Son  action  febrifuge  a  ^te  contei^We 
jusque  dans  ces  dernieres  annees.  Comme  pr6ventif, 
Tarsenic  a  et6  recommande  surtout  par  Tomasi-Crudeli, 


{ 


(1)  Panegrossi,  Euchinina  e  suo  valore  terapeutico  Gcu^etin  dtffli 
Ospcdagli,  1897,  ii,  p.  1249, 

(2)  Conti,  L'euchinina  nella  malaria.  Ga<z(*ta  degli  Ospcdagli, 
1897,  11,  p.  1447. 

(3)  f^es  maladies  des  par/s  r/iands. 
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A.  Celli  (I)  Ta  experimente  en  grand  sur  les  onvriers  de 
la  ligne  ferr^e  qui  va  de  Riechi  a  Boviito^  localite  tres 
palustre.  L'arsenic  a  et6  administre  sous  forme  de 
tablettes  de  gelatine,  contenant  chacune  un  milligr, 
d'acide  ars^nieux.  Son  action  preventive  a  et6  tres  mar- 
quee, ainsi :  sur  les  78  ouvriers  soumis  a  Texp^rience,  39 
qui  n'avaient  suivi  aucun  traitement,  furent  tous 
l"i  malades ;  parmi  les  39  autres  qui  avaient  suivi  le  trai- 

;    "  tement,  il  n'y  a  eu  que  trois  casde  fifevre  16gere,  le  reste, 

I.  ou  36,  furent  absolument  indemnes. 

\  Actuelleraent  on  emploie  Tarsenic  sous  forme  d'arrhe- 

I  nal  ou  methylar striate  sodique,  compost  organique  de 

I  I'arsenic,  decouvert  par  M.  A.  Gautier  (2).  Uarrh6nal  a 

*;.  donn6  de  trfes  bons  r6sultats  dans  le  traitement  des 

'  fievres  pal  us  tres  et  M.  A.  Billet  qui  Ta  experimente  le 

J-  considere  memo  comme  de  beaucoup  superieur  aux  sels 

de  quinine;  avec  une,  deux,  rarement  trois  injections 
hypodermiques   (5   centigr.    d'arrhenal  par  dose)    il   a 
J  reussi  a  gu6rir  completement  treize  paludiques  qui  tous 

,  ^talent  vestas  refractaires  a  Vaction  des  sels  de  quinine 

\  a  haute  dose.  Cette  medication  presente  encore  le  grand 

avantage  sur  les  sels  de  quinine,  de  no  produire  aucun 
trouble  stoniacal.  Enfin  la  deglobulisation  du  sang  qui 
se  poursuit  chez  les  paludiques  meme  sous  Faction  de 
!•  fortes  doses  de  quinine,  non  seulement  est  arretee  par 

I'emploi  de  Tarrhenal,  mais  est  remplacee  par  une  repro- 
duction rapide  des  hematics. 
! 

(1)  Epidemiologia  o  la  profilassi  della  malaria  sccondo  lo  nuovi 
richerche.  Giornalc  de  R.  Soc.  iial.  d'l^iene,  1899,  vol.  \. 

(2)  La  indication  arrhenique.  Memoires  ppesontes  k  I'Acad.  de 
M^d.  le  11  et  25  fevrier  1902. 
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On  donne  Tarrhenal  par  la  bouche  ou  en  injections 
hypodermiqaes,  a  la  dose  de  5  centigr.  ;  dans  les  cas 
urgents  ont  pent  aller  jusqu'a  15  et  m6me  20  centigr. 
Apres  la  guerison  des  poludiques  on  continue  son  admi- 
nistration corame  preventif  a  la  dose  de  5  centigr.  (en 
inject,  hypod.)  tons  les  7  jours  comptes  h  parlir  du  der- 
nier acces. 

Experience  d'Ostie 

Cette  experience  a  ete  faite,  Tannee  derniere  (1901) 
par  Grassi  (1),  pour  determiner,  d'une  part  les  resultats 
qu'on  pent  obtenir  (rune  prophylcuTAC  faite  par  les  seals 
moyens  therapeutiqaes,  et  d'autre  part  pour  constater  les 
avantages  de  cette  m6thode  en  comparaison  avec  lapro- 
phylaxie  par  les  moyens  mecaniques. 

L  experience  a  etc  faite  a  Ostie,  region  tres  paludique. 

Le  medicament  employe  a  ete  un  melange  deqiiinine, 
acide  arsenieux  et  amers  sous  forme  de  pilules  pour  les 
adultes,  en  potion  pour  les  enfants.  Ce  melange  connu 
en  Italic  sous  le  nom  d' Esanqfele  et  Esanqfeline  est  fabri- 
qu6  en  grand  par  F.  B(sleri{2). 

Voici  la  formule  des  pilules : 

Bichlorhydrate  de  quinine.  0,10  centigrammes 

Citrate  de  fer. 0,03  — 

Acide   Arsenieux 0/301  milligrammes 

Amers 0,15  centigrammes 

(1)  Per  la  lotta  coritro  la  malaria,  PolUtlnico  IBOl. 

(2)  J.  GuiART,  le  Paludsime  dans  la  eauipagne  romaine  ot  les  r?cpn- 
tes  experiences  du  pi'of.  Grassi.  (  Douxieme  t-amiiagne  antimal. 
Ostia,  \im.)Aicluccii  ih'  f'ara.uf.  V,  lasc.3,-101,  1902 
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Quatre-oingt'dix  (90)  pilules  sont  necessaires  pour  la 
guerison  d'un  paludiquc.  La  dose  journalifere  est  de  six 
pil tiles  prises  le  matin  en  trois  /bis  [a6h,  9h.  ei  midi) 
pour  un  adulte 

De  quatre  pilules  prises  dans  les  m6mes  conditions 
pour  un  enfant  de  7  A  14  ans ;  de  deux  pilules,  toujours 
dans  les  memes  conditions,  pour  un  enfant  de  3  i 
6  ans. 

Aux  enfants  en  bas  ftge  on  donne  les  memes  substan- 
ces mais  en  solution  (Esanof6line)  titr6e  suivant  Tage  de 
Tenfant.  II  y  a  trois  solutions: 

1**  Pour  les  en/ants  de  un  a  deux  ans  on  donne 
180  grammes  de  la  solution  suivante,  a  la  dose  journa- 
liere  de  12  grammes  prise  en  trois  fois,  i6  heures,  9  heu- 
res  et  midi. 

Chaque  dose  contient  : 

Bichlorhydrate  de  quinine. . .  0  gr.  12 

Acide  arsenieux 0  gr.  0003 

Citrate  de  fer 0  gr.  03 

Amers 0  gr.  10 

2**  Pour  les  enfants  ag6s  de  sept  mois  a  un  an,  on 
donne  120  grammes  de  la  solution  suivante,  k  la  dose  de 
8  grammes  par  jour  en  deuxfois,  &  7  heures  et  i  10  heu- 
res  du  matin. 

Chaque  dose  renferme  : 

Bichlorhydrate  de  quinine. . .  0  gr.  10 

Acide  arsenieux 0  gr.  0002 

Citrate  de  fer 0  gr.  013 

Amers 0  gr.  07 

3"*  Aux  enfants  agees  de  un  a  sept  mois,  on   donne 


^l 


Digitized  by 


Google 


"^\V^  ^' 


t 


> 


—  55  — 

90  grammes  a  la  dose  journaliere  de  6  grammes  en  deux 
fois,  toujours  le  matin. 
Chaque  dose  ren  ferine  : 

Bichlorhydrate  de  quinine. . .  0  gr.  08 

Acide  arsenieux 0  gr.  00015 

Citrate  de  fer 0  gr.  01 

Ameps 0  gr.  05 

Voici  maintenant  la  maniere  dent  cette  experience  a 
6te  conduite  et  les  resultats  obtenus. 

Le  nombre  des  individus  soumis  a  la  cure  le  l®""  juin 
6tait  de  270  personnes,  dont  le  quart  au-dessous  de 
i4  ans,  parmi  lesquels  neuf  enfants  au-dessous  de  4  ans ; 
tres  peu  parmi  eux  etaient  indemnes  de  paludisme.  Les 
adultes  furent  soumis  a  un  traitement  intensif  de  6 pilules 
d!EsanoJele  par  jour  (prises  dans  le  courant  de  la  mati- 
nee), pendant  15  jours  consecutifs;  les  enfants  k  une 
dose  correspondante  d'esano/eline,  pour  les  gu6rir  de 
leurs  anciens  acces.  Une  fois  la  cure  intensive  terminee 
et  les  acces  disparus,  le  professeur  Grassi,  continua  a 
donner  VEsanofele,  mais  a  dose  purement  preventive, 
(Vabord  une  pilule^  ensuite  deux  pilules  parjow\  pen- 
dant toute  la  saison  malarique. 

Les  resultats  furent  extremement  satisfaisants.  Sur 
les  270  personnes  traitees  de  cette  fagon,  224  ont  ete 
completement  indemnes  de  fievre  paludique ;  46  ont  eu 
un  seul  acces  de  fievre  legere  et  de  peu  de  duree.  Grassi 
fait  observer  que  ces  46  personnes  avaient  suivi  le  traite- 
ment d'une  fagon  irr^guliere. 

Pendant  le  cours  de  cette  meme  experience  un  certain 
nombre  d'individus  furent  traites  suivant  la  methode  de 
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Koch,  par  la  quinine  a  longs  intervalles;  presque  tous 
ont  eu  la  fievre.  De  meme  on  constats  plusieurs  cas  de 
paludisme  parmi  les  personnes  protegees  uniquement  par 
les  toiles  metalliques. 

Si  nous  avons  insists  un  peu  longuement  sur  cette 
experience,  c'est  qu'elle  nous  a  sembl6  excessivement 
int6ressante  par  les  resultats  obtenus,  qui  nous  d6mon- 
trent  qu'on  pent  acqu6rir  par  radministration  rigou- 
reuse  et  systematique  des  seuls  medicaments  une  iramu- 
nite  parfaite  a  1  egard  du  paludisme. 
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I,  Le  paludismeest  extremement  repanduenRoumanie. 
Les  principaux  foyers  paludiques  se  trouvent  dans  la 
region  avoisinant  le  Danube,  surtout  dans  le  noj^d  de  la 
Dobrogea  et  le  delta  du  Danube  ;  dans  la  plaine  du  Prut 
et  du  Siret  (Moldavie).  En  dehors  de  ces  regions  il  existe 
encore  de  nombreux  foyers  paludiques  dissemin6s  un 
peu  partout,  dans  l^s  districts  :  d'llfov  (8104  cas  de 
palud.  en  1899),  de  Covurlui  (2640  cas  en  1899),  de  Ro- 
manat:;i  [7804  cas  en  1900),  de  J  assy,  etc.  Les  nom- 
breux etangs,  marais  et  mar6cages  (district  d'llfov,  56 
marais  et  177  etangs)  qui  existent  dans  ces  regions  et  les 
frequentes  inondations  des  grandes  etpetites  rivieres  qui 
les  travcrsent  nous  expliquent  la  presence  du  paludisme 
dans  toutes  ces  contrees.  Par  suite  de  certaines  habi- 
tudes locales,  favorables  au  developpement  des  mousti- 
ques,  on  rencontre  de  nombreux  foyers  paludiques  meme 
dans  les  regions  depourvues  do  marais  et  a  Tabri  des 
incmdations  comme    par  exemplc  dans   les  districts  de 
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Bacau,  NeaniUa,  Vdlcea,  etc. ;  de  telle  sorte  que  lepa- 
Iiidisme  se  trouve  repandu  sur  presque  toute  la  surface 
du  pays.Les  ravages  causes  sont  considerables  :  ainsi  rien 
que  pendant  Tannee  1898  il  y  a  eu  dans  tout  le  pays 
256.374  cas  de  paludisme;  178.850  cas  pendant  Tannee 
1899. 

Aussi  pour  empecher  la  propaigation  du  paludisme, 
maladie  eminemment  contagieuse,  il  faut : 

II.  Traiter  tons  les  anciens  paludiques  par  les  sels  de 
quinine,  par  Tarrh^nal  (metliylarsinate  sodique)  ou  par 
le  melange  de  quinine,  arsenic  et  amers  (Esanofele, 
Esanofeline). 

Cette  cure  doit  etre  instituee  pendant  les  mois  allant 
d^  Janvier  a  fin  juin,  c'est-^-dire  avant  Tapparition  des 
moustiques 

Elle  doit  6tre  continuee  pendant  assez  longtemps  pour 
les  sels  de  quinine,  au  moins  deux  mois  apres  la  dispa- 
rition  du  dernier  acc^s  de  fievre  ;  pendant  15  jours  avec 
r^sanofele  (6  pilules  par  jour  pour  un  adulte);  pendant 
quelques  jours  avec  rarrh6nal  (5  centigrammes  par 
jour,  en  injections  hypodermiques,  ou  par  la  voie 
stomacale) ;  poursuivre  ensuite  pendant  toute  la  saison 
paludique:  I'administration  de  la  quinine,  a  dose  pure- 
ment  pr6ventive  de  20  centigramme  tons  les  jours,  ou  de 
40  centigrammes  tous  les  deux  jours,  ou  T^sanofele  h  la 
dose  de  une  pilule  d'abord,  de  deux  ensuite,  par  jour; 
ou  les  injections  preventives  d'arrhenal,  5  centigrammes 
tous  les  sept  jours  comptes  k  partir  du  dernier  acces. 

III.  D(5truire  les  larves  de  moustiques.  Leur  destruc- 
t  ion  se  fait  par  le  petrole  a  la  dose  de  10  cc.  par  metre  carre 
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d'eau  a  d^sinfecter ;  la  periode  piopice  pour  ct^jtte  opera- 
tion est  la  fin  de  Thiver  etelle  doit  6tre  renouvelee  tous 
les  quinze  jours,  jusqu'a  la  fin  de  la  saison  poludique. 

IV.  Garnir  par  des  toiles  in6talliques  toutes  les  ouver- 
tures  des  habitations. 

Vu  :    LE    PRESIDENT    DE    LA    THESE, 

BLANCIIARD. 

Vu  :  LE  DOYEN, 

DEBOVE. 

Vu  et  permis  d'imprirner, 
LE    VICE-RECTEUR    DE    l'aCADEMIE    DE    PARIS, 

GREARD. 
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ROCnIK  IX.  TktDA  II.  CfSLO  24. 


0  zazivani  d  tvoreni  se  uhlohydratu 

u  amoebovit^ho  ustrojence  Pelomyxa  palustris  Greeff. 


Na  zdklad^  pozorovdni  a  pokus^ 

podiivi 

Anton  in   Stole. 

(Se  dvSma  tabulkami,) 

(PFedloieno  dne  20.  Fijna  1900.) 


Pr^ci,  jejfi  vysledky  tuto  pod^v^m,  zapo^al  jsem  v  roce  1892,  po- 
kraCoval  jsem  pak  v  n(  po  16ta  n^sledujlcl  a2  do  r.  1899,  kdy  mohl  jsem 
ji  teprve  ukonditi  s  vysledkem  mne  uspokojujlclm. 

Pfizn^vim  se,  ie  nebyla  pro  mne  snadnou.  Byl  jsem  pH  nl  mimo 
pobyt  na  university  heidelbersk^  odk^z^n  jen  na  sfly  sv^,  nemaje  k  dispo- 
sici  2^dn6  laboratofe  vefejn6.  Jii  zfsk^v^nl  materidlu  v  dostateCn^m  poCtu 
s  mfsta  dosti  nepffstupn^ho,  (v  lesnlch  tfinfch  na  Ladvl  u  f)ablic)  bylo 
obtliaym,  podlehajfc  zmSndm  Casov^m  a  jinym  pfek^2kdm. 

Price  mi  tykala  se  pole  dosud  mdlo  vzd6livan6ho,  i  bylo  tfeba  vy- 
hledivati  method  samostatnych,  k  jich2  zdirn6mu  provedenf  nedostivalo  se 
mi  nSkdy  prostfedkfi  hmotn^ch;  bylo  ti'eba  vyCkdvati,  a2  mohl  jsem  si 
jich  opatfiti  z  v^dSlku  denni  sv6  mzdy.  Pak  bylo  tfeba  prov^sti  fadu  po- 
kusfl  dlouh^ch  i  namihav^ch,  je2  vyiadovaly  Casu  i  trpfilivosti  a  pfece 
kondily  bezv]^sledn6  pfividSjice  mne  k  srizn^mu  uskall  pochyb,  ai  ko- 
nedn6  v  bludiSti  otdzek  a  z4had  podafilo  se  mi  najiti  nif,  je2  uvedla  mne 
k  uspokojiv^mu  clli.  Vfm,  2e  v  rdmci  price  m6  zb^vi  mnoho  je§t6  diile- 
iit^ch  otizek  nezodpov$d6nych  neb  i  nedotknut^ch,  a  2e  n^kter^  vy- 
sledky price  m6  neuspokojf  pfesn6  vSdy,  nei  doznivim,  2e  oboji  ne- 
dostateCnost  pramenf  ne  tak  z  m6  neschopnosti,  jako  splSe  z  pomSrfl, 
s  nimi2  zipasiti  jest  u  nis  soukrom6mu  nemajetn^mu  v^dci,  donucen6mu 
jlti  cestou  jinou  ne4  obydejnou. 

RoxpraTy:  Ro«n.  IX.  TI.  II.  2f8.  24.  1 
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C^si  price  sv6  vykonal  jsem  v  laboratofi  pana  prof.  O.  Butschliho 
za  pobytu  sv^ho  v  Heidelberce  v  letnim  semestni  r.  1893.  Konim  tu  milou 
povinnost  i  vyslovuji  panu  professorovi  za  veSkerou  mn6  poskytnutou  v6- 
deckou  poraoc  dfky  nejupfimn6j§f. 


I 
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Snaie  se  feSiti  otizku  zaiiwAni  a  tvofeni  se  uhlohydrdtA  u  Pelomyxy 
palustris,  poznal  jsem,  ie  zikladem  t^to  otizky  jest  v^zkum  povahy  tak 
zvan^ch  leskl^ch  1 6 1  e s  (Glanzkorper,  die  jich  objevitele  Greeffa).  T§Iesa 
tato  pravidlem  kuloviti  (n6kdy  ai  nepravidelni)  vyskytujf  se  stdle  a  hojn6 
V  tfele  Pelomyxy  i  svSddf  jii  toto  jich  stdl^  se  vyskytovdnf  o  diileiitem 
t^kolu  V  t6le  Pelomyxy.  *) 

Po  dlouh^  fad6  pokusA  vyloudil  jsem  pfedevSfm  moinost,  ie  by  po 
strdnce  chemick^  leskld  t^lesa  byla  tou  neb  onou  litkou,  vyloudiv  na  pf. 
negativnfm  v^sledkem  zkouSky  Millonovy,  jako  by  byla  Idtkou  bflkovinnou. 
Do§el  jsem  pak  pozndni,  ie  leskli  t^lesa  sklidajf  se  z  blany  obalne  a  z  ob- 
sahu  blanou  touto  uzavfen6ho,  ie  pak  obsahem  jejich  jest  glykogen  a 
bidna  obalni  jest  vytvofena  jinym,  itiko  rozpustnym  uhlohydrdtem. 

Obsah  leskl^ch  tSles  jevf  fadu  vlastnosti  shodnych  s  podstatnymi 
vlastnostmi  glykogenu.  Uvedu  je  pofadem  zmifiuje  se  souCasnS  k  viili  pfe- 
hlednosti  i  o  vlastnostech  bliny  obaln^ 

1.  Glykogen  jevi  se  byti  tfilesem  beztvirnym,  snfehovS  bilym.  Leskld 
tfilesa  pozorovdna  drobnohledem  jevl  se  lesklymi,  sn6hov6  bilymi.  B6lost 
ta  nAleii  jejich  obsahu,  nebof  bUna  obalna,  je-li  osamocena,  jevf  se  sklo- 
vit6  prfihlednou.  Pozorovcina  mikroskopem  polarisadnim  leskld  telesa  nejevf 
se  dvojlom^mi,  n^bri  chovaji  se  jako  tfeleso  beztvdrn^. 

2.  Glykogen  jest  ve  vod6  rozpustn^.  Obsah  lesklych  tSles  rozpouStf 
se  ve  vodft,  bidny  obaln6  nikoliv.  Pfi  rozpou§t6nf  leskld  tfilesa  nejprve 
bobtnaji  zvetSujfce  svuj  objem.  U  tSles  v6t§{ho  rozm^ru  a  s  tenkou  blanou 
obalnou  pukd  tato  blina,  obsah  tSlesa  vnikd  do  vody  a  zustdva  na  konec 
jen  svraskald  bldna.  U  menSfch  t6les  a  s  tlustSf  blanou  obalnou  pravidlem 
blcina  nepukd,  obsah  pronikd  blanou  ven  do  vody  a  na  konec  ziistcivd 
blina  puvodni  podoby. 

Rozpou§t6nl  obsahu  tSles  lesklych  nedSje  se  u  vSech  stejn6  rychle. 
To  zdci  se  souviseti  jednak  s  povahou  bliny  obaln6,  jednak  se  stavem, 
V  n^mi  obsah  lesklych  tSles  se  nal^zd.  Tak  nalezl  jsem  na  pf.,  ie  u  jed- 
noho  jedince  obsah  lesklych  t6les  osamocen^ch  na  skli^ku  ve  vod6  destil- 
lovan6  byl  vesmSs  rozpuStSn  za  V4  hodiny,  jindy  za  V2  hodiny,  2  hodiny. 


♦)  Pelomyxu  nalezl  jsem  u  nis  poprv6   r.  1889  i  podal  jsem  o  tom  v  >KIubu 
pFfrodov6deck6m<  zprivu  provdzenou  ndzory  namnoze  jcStS  nesprivn^ml 
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12  hodin  a  koneCnS  a2  24.  hodiny.  N^kdy  leskl^  tSlesa  ii  t6hoi  jedince 
jsou  nestejnfe  rozpustna.  Tak  na  pf.  u  jednoho  jedince  6§Lsi  lesklych  tSles 
rozpustila  obsah  ve  2  hodinich,  jind  6Asi  (nejv6t§()  ve  12  hod.  a  konednS 
zbytek  v  24  hodindch.  Lze  koneCnS  nal6zti  leskld  tSlesa,  jejich2  obsah 
velrai  povlovnS  se  rozpouSti.  Tak  pozoroval  jsem  jedince,  u  nichi  leskla 
tSlesa  rozpustila  obsah  svfij  teprye  ve  dvou  dnech,  jindy  ve  tfech  i  za 
delSi  fadu  dni,  pfi  6emi  voda  destillovand  byla  ka^dych  24  hodin  ob- 
novovana. 

Domn6nku,  ie  rychlost  rozpustnosti  zdvisf  mezi  jin^m  na  stavu  ob- 
sahu  lesklych  t6les,  opirdm  tei  pozorovdnim,  ie  obsah  rozpou§t61  se  rychle 
u  tech  lesklych  tSles,  u  nich2  6erstv6  byl  nahromadSn,  kde^to  zvolna  roz- 
pouStel  se  u  tfeles,  u  nichi  6erstv6  jeho  nahromad6nf  zjiStSno  byti  ne- 
mohlo.  Cerstv^ho  nahromadSnf  obsahu  lesklych  t6les  lze  dociliti  tak^ 
pokusmo,  o  tevni  pozdfiji  bude  pojedndno. 

3.  S  jodem  d^vd  glykogen  zbarvenf  charakteristick6.  Ke  srovndni 
u2ival  jsem  glykogenu,  jeho2  se  mi  dostalo  z  laboratofe  prof.  Horbaczew- 
skeho.  Na  sklfdku  isoloval  jsem  ve  vod6  destillovan^  t^lesa  leskld,  od  okrajc 
vodnfho  pfidal  jsem  prdSku  glykogenov^ho  a  pfi^inil  roztoku  jodu  v  jodidu 
draselnatem,  naCei  souCasnfi  glykogen  i  t^lesa  leskld  zbarveny  byly  sou- 
hlasnfe  a  stejn6  intensivnS,  totii  hnSdodervenfe.  Teho2  souhlasneho  a  stejnfe 
intensivniho  zbarvenl  doscihl  jsem,  u2il-li  jsem,  ostatek  stejnym  zpiisobem 
si  poCinaje,  tinktury  jodov6.  K  dalSlmu  srovndnf  barvil  jsem  jodem  tSlesa 
leskli  pod  krycfm  sklidkem  ve  vod6  isolovani  a  tu  pfi  u2itf  jodov^ 
tinktury  a  pfi  opatrn^m  si  poCindni  mohl  jsem  konstatovati,  ie  t6lesa 
leskla  zbarvila  se  napfed  vinov6  dervenfe  a  pak  dal§{m  pohlcenim  jodu 
intensivn^  hn^doCervenft.  Jodem  barvl  se  jak  bl^na  obalni,  tak  obsah 
lesklych  t6les.  O  tom  moino  se  pfesv6dditi  na  lesklych  t^lesech,  jejichi 
obsah  rychle  se  ve  vod6  rozpouSti.  U  takov^ch  tSles  nSkdy  pfi  zbarvo- 
v^ni  jodem  puki  blcina  obalnd  a  obsah  vyhrnuje  se  ven,  i  moino  tu  zjistiti, 
ie  jak  obsah,  tak  bldna  obalni  jodem  jsou  zbarveny.  Samotn6  bUny 
obaln6,  jak^chi  nabudeme  na  pf.,  ponechdvime-li  leskld  tSlesa  s  obsahem 
^erstvS  nahromadSnym  24  hodiny  ve  vod6,  aby  jejich  obsah  se  rozpnstil, 
barvi  se  jodem  slab6  hn6doCerven6. 

4.  V  alkoholu  jest  glykogen  nerozpustn^.  Leskli  tSlesa  jsou  rovn^i 
v  alkoholu  nerozpustna,  a  to  jak  obsah  jejich,  tak  i  bUna  obalnd.  O  tom 
pfesvfid^fme  se  na  pf.  tfmto  pokusem:  Cisf  lesklych  tfiles  t6hoi  jedince 
ddme  na  skliCko  do  vody  destillovan6,  jinou  pak  6Asi  na  sklfdko  do  absolut- 
nfho  alkoholu.  Shledime  potom,  ie  ve  vod6  destillovan^  prfibShem  24  hod. 
obsah  veSkerych  leskl^p^ch  t6les  byl  rozpu§t6n,  kdeito  tSlesa  leskld  v  alkoholu 
pozorovand  jevf  se  i  po  24  hodindch  viibec  nerozpustna. 

5.  V  hydrdtu  draselnatem  jest  glykogen  rozpustny  {uiivk  se  t6to 
vlastnosti  jeho  pfi  pflpravS  z  materidlu  jatern6ho).  Leskli  tSlesa  jsou 
V  hydritu  draselnatem  iipln6  rozpustna  (obsah  jejich  i  bldna  obalnd). 

6.  V  kyselinS  soln6  rozpouStf  se  glykogen  (t^to  vlastnosti  jeho  uilvk 
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se  rovnfii  pfi  pflpravfe   z  materidlu  jatern^ho).     Obsah  lesklych   tfeles  roz- 
pou§ti  se  V  kyselinS  soIn6,  kde2to  bldny  obalnd  zAstdvaji  nerozpustny. 

7.  Ve  sm^si  kyseliny  dusidn6  a  sirovi  rozpouStf  se  glykogen  (tvofi 
se  dinitroglykogen),  rovn^  v  kys.  dusidn6  sam6  a  v  kyselinS  sfrov6  sam6. 
Ve  sm^si  kyseliny  dusi£n6  a  sfrov6,  v  sam6  kyselin^  dusi^n6  a  v  same 
kyselin6  slrov6  rozpouStI  se  obsah  leskly^ch  tfiles  a  zflstdvajf  nerozpustny 
pouze  bliny  obaln6. 

8.  Kyselina  tffslovd  srkii  glykogen  z  roztoku.  Podle  toho  nutno  sou- 
diti,  2e  obsah  lesklych  tfiles  jest  v  roztoku  kyseliny  tffslov^  nerozpustny. 
Pokusem  ndsledujfcfm  pfesv6dCfme  se  o  sprivnosti  tohoto  soudu. 

Cdsf  lesklych  tSles  z  t6ho4  jedince  ddna  jest  na  skliCku  do  vody 
destillovan^,  jini  6A^i  na  skliCku  do  roztoku  kyseliny  tffslov^.  Pfesv6ddime 
se,  ie  obsah  lesklych  t61es  ve  vodfi  destillovan6  ve  24  hodindch  vesmfes  se 
rozpustil,  kde2to  v  roztoku  kysleny  tHslov6  obsah  i  bldny  obaln^  t6les  lesk- 
lych pozorov^ny  po  24  hodiny  a  pak  v  pfestdvkdch  po  delSfch  dobich 
jsou  vesm6s  nerozpustny. 

9.  Voda  barytovi  sri2f  glykogen  z  roztoku  (tvoff  se  barytovi  slou- 
^enina  glykogenu).  Tu  nutno  t6i  souditi,  ie  obsah  lesklych  tSles  jest 
ve  vod6  barytovi  nerozpustny.  Pokusem  ndsledujfcim  pfesvSddfme  se 
o  sprdvnosti  tohoto  soudu. 

Leskli  t^lesa  z  t^ho2  jedince,  o  nichi  jsme  zjistili,  ie  ji4  ve  ^'4  hod. 
rozpou§t6ji  obsah  svfij  ve  vod6  destillovane,  ddna  jsou  na  sklfdko  do  vody 
barytove.  Pozorovdna  po  24  hod.  a  v  ndsledujlcich  dnech  jevl,  ie  obsah 
jejich  i  bldny  obaln6  jsou  ve  vodfi  barytovi  vesm6s  nerozpustny. 

10.  Amoniakalny  ocet  olovnat^  sr Aii  glykogen  z  roztoku.  I  tu  nutno 
souditi,  ie  v  amoniakalnem  octS  olovnat^m  bude  obsah  lesklych  tfeles  ne- 
rozpustny. Pokus  proveden  stejnfi  jako  s  vodou  barytovou  a  shleddno, 
ie  obsah  i  bldny  obaln6  lesklych  tSles  jsou  v  amoniakalnem  oct6  olov- 
nat6m  nerozpustny. 

11.  Zahfivdn  se  zfedfin^mi  kyselinami  mfenf  se  glykogen  v  cukr  (gly- 
kosu).  Tu  nutno  souditi,  ie  za  tychi  okolnostf  tdi  zm6na  musf  se  dfti 
s  obsahem  lesklych  t61es.    Pokus  proveden  zpusobem  ndsledujfcfm. 

Vybrdn  v6t§l  podet  jedincu  Pelomyxy  obsahujicfch  detnd  leskla  tftlesa 
a  prost^^ch  v6t§inou  potravy.  Byli  pe^ivfe  vypr^ni  ve  vod6  destillovan^,  pak 
na  sklidku  rozetfeni  a  dini  do  mal6  zkoumavky.  Do  t6  pak  pKddno  po  stej- 
n^m  dflu  vody  destillovan6  a  kyseliny  solne,  a  pak  delSf  dobu  opatrnfi  ai  do 
varu  zahffvdno  nad  kahanem.  Po  ochlazenf  tekutiny  ve  zkoumavce  pfiddno 
louhu  draselnat6ho,  ai  tekutina  jevila  reakci  alkalickou,  pak  pfiddno  n^- 
kolik  kapek  roztoku  Fehlingova  a  op6t  zahfivdno,  natei  objevila  se  p6kn6 
ilutA  srazenina  hydratu  m^diCnat^ho,  coi  bylo  dukazem,  ie  v  tekutinft  na- 
lezala  se  Idtka  redukujicf.  Pokus  tento  neni  prost  vytek.  Moino  namftnouti, 
ie  Idtka  redukujfcl  pochdzela  z  plasmatu  nebo  ze  zbytku  potravy,  nebo  ko- 
neCnS  z  obalu  t61es  lesklych.  Pfece  v§ak  positivni  vysledek  pokusu  nab]yv4 
ceny  ve  spojeni  s  uvedenymi  ji2  shodami  a  s  pozorovdnfm  ndsedujlcfm. 
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Moi^no  bylo  nSkdy  naldzti  jedince  6pln^  prost6  potravy,  obsahujfcf 
v§ak  detnd  velikd  tSlesa  leskld.  Kdy2  na  skliCku  takovf  jedinci  byli  rozetfeni, 
aby  t^Iesa  leskli  byla,  pokud  mo2nd,  isolovdna,  pfiddna  pak  byla  kyselina 
sfrovd  a  opatrn6  zahffvdno,  nabyla  tekutina  nejprve  barvy  derven6,  pak 
tmav6  s  odstfnem  Cervenav^m,  ai  kone^nS  6ern6.  V  jednom  pHpadd 
§fastn6m,  kde  zbyl6  plasma  obklopovalo  v6t§f  podet  velkych  lesklych  tfiles, 
mohl  jsem  zjistiti,  ie  zbarvenf  pochizelo  s  mfst,  kde  leskld  t^Iesa  se 
nal6zala. 

Soudim  z  tohoto  pozorovdnf,  ie  leskld  tSlesa  zahffvand  s  kyselinou 
sfrovou  podrobena  jsou  t^m  zm^ndm  jako  uhlohydrdty  zahffvand  s  kyse- 
linou sirovou,  a  ie  tudii  i  po  t^to  strdnce  leskld  tSlesa  shodujf  se  s  uhlo- 
hydraty. 

12.  Enzymy  diastatickymi,  ptyalinem,  diastasou  pankreasu  a  diastasou 
rostlinnou  zcukerftovdn  glykogen  a  promfiftuje  se  v  maltosu.  Pozoroval  jsem 
leskld  tSlesa  na  sklidku  za  temperatury  pokoje  a  zv^§en6  temperatury  v  se- 
kretu  ilaz  slinn^ch,  ve  vodn6m  i  glycerinov6m  v^ta2ku  pankreatu  hovSzfho 
a  V  nakyselen^m  roztoku  diastasy  rostlinn6,  vyloufiv  pFi  pokusech  s  v^- 
taikem  pankreatu  pfiddnfm  chloroformu  mozn^  liCinek  bakteril,  i  shledal 
jsem  priib^hem  pozorov^nl  ve  24  hodindch  i  po  pozorovdnf  dalSim,  ie 
obsah  lesklych  t6les  za  pFitomnosti  uvedenych  enzymfl  se  rozpouStf,  ie 
v§ak  bldny  obaln6  zfistdvaji  nerozpustny.  Pfitomnost  maltosy  pro  nepatr- 
nost  pfedroStu  i  svlzelnost  postupu  nepodafilo  se  mn6  zjistiti. 


II. 

Z  uvedenych  shod  usoudil  jsem,  ie  obsah  lesklych  tSles  jest  glyko- 
gen a  ie  bldna  obalnd  jest  jiny,  nesnadnfiji  rozpustny  uhlohydrdt.  Pfi- 
stoupil  jsem  pak  k  pozorovdnfm  ukazujlcfm,  jakym  zm^ndm  podrobena 
jsou  u  Pelomyxy  t61esa  leskld  za  jejfho  iivota. 

Na  derstv6m  materidlu,  jej2  pfinesl  jsem  z  Ladvf  v  Idhvfch  a  ddle 
doma  choval,  shledal  jsem  na  po^dtku,  ie  Pelomyxy  dile  lezly  po  stSndch 
majice  podobu  vdlcovitou  (pfesn6ji  piskotovitou)  a  chovajlce  v  plasmat6  sv6m 
^erstvou  potravu.a  hojnd  leskld  tSlesa,  dosahujfcf  velikostl  svou  velikosti 
jddra  a  ai  velikost  tuto  pfesahujici.  V  dalsf  dob6  shledal  jsem,  ie  Pelo- 
myxy v  pom6ru,  jak  mizela  potrava  ve  vode,  v  nii  byly  chovdny,  v  po- 
hybovdnf  se  po  st6n6  nddoby  ustdvaly  a  hromadily  se  v  bahn6  nddoby 
stdvajice  se  kulovit^mi  a  vice  menS  nehybn^mi.  Plasma  v  t6  dob6  obsaho- 
valo  u  nich  mdlo  potravy  a  leskld  tSlesa  jevila  se  menSlmi.  KonednS,  oby- 
^ejn6  asi  za  m6sfc  od  doby,  kdy  pfinesen  byl  Cerstv^  materidl,  nalezl  jsem 
Pelomyxy  v2dy  v  bahnS  na  dn6  nddoby;  byly  kulovit^,  nehybn^,  barvy 
bled6  bll6,  plasma  jejich  pak  neobsahovalo  iAdn6  potravy,  obsahujfc  pouze 
jddra,  souiivn^  bakterie,  shluk  zrnek  pfskov;^ch  a  leskld  tfelesa,  je2  vSak 
podstatnS   byla  zm6n6na.     Velikost  jejich  sklesla  na  dv6  a2  jednu  Sestinu 
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priimeru  jidra*),  obsah  jejich  byl  liplnS  vy^erpdn,  tak  ie  zbyly  pouh6 
prfihledn^  bldny  obaIn6,  vStSinou  pak  v  plasmatS  nevyskytovala  se  t61esa 
tato  ojedinSle,  n^brX  oby^ejnfe  v6t§l  neb  menSf  jich  podet  shlouden  byl 
pevne,  jakoby  spe^en  v  Fetfzkovite  neb  ruzn6  nepravideln6  shluky.  Maje 
za  sebou  tato  pozorovanf,  pfistoupil  jsem  k  rozhodujfclm  pokus&m. 

Dne  9.  fijna  (1893)  isolovdni  dva  jedinci  do  dvou  uzkych  nddobek 
s  vodou  bez  potravy.  Nadobky  ddny  do  velk6  nadoby  s  vodou  a  ka2dd 
pfikryta  sklifikem  tak,  aby  nechdny  byly  mal6  otvory  pro  kommiinikaci 
s  okolnfm  vodnim  listfedfm.  Oba  jedinci  m61i  9.  fijna  v  plasmatS  sv6m  plno 
lesklych  t^les,  u  prvnfho  dosahovala  maximdlnS  10  Sestin  pr(im6ru  jadra, 
u  druh^ho  maximalnS  20  Sestin  prflroSru  jddra.  Jedinci  op6tnS  pod  drobno- 
hledem  prohlfieni  16.  i'fjna  i  shleddno,  ie  rozm^ry  lesklych  t6les  u  obou 
klesly,  u  prvnlho  dosahovaly  maximdlnS  7  desitin  prfimSru  jddra,  u  druh^ho 
10  §estin  prum^ru  jAdra.  Pak  jedinci  dcile  za  stejnych  podmfnek  isolo- 
vani  a  prohlizeni  ai  23.  ffjna.  U  obou  rozmSry  lesklych  t6les  jevf  se  jeStfe 
vice  zmenSeny  a  zdroveA  i  obsah  jejich  jevi  se  uplnd  vyCerpdn.  U  prvnfho 
dosahujf  leskld  t6lesa  maximdlnS  2  Sestin  prumferu  jcidra,  u  druh6ho  maxi- 
mdlnfe  1  Vg  Sestiny  prCimfiru  jddra.  Prvni  jedinec  byv  ddle  za  stejnych  pod- 
mfnek isolovdn,  prohliien  byl  je§t6  dne  27.  fijna  i  jevil,  ze  rozmSry  lesklych 
t6les  vice  neklesly,  stdle  je§t6  dosahujice  2  Sestin  prfimSru  jddra.  Z  v^- 
sledku  uveden6ho  pokusu  nutno  souditi,  it  isolovanf  jedinci  podlehajfce 
nedostatku  potravy  donuceni  byli  sdhnouti  k  reservni  iivn6  Idtce  v  plasmat6 
jejich  nastfadan^,  k  tfilesfim  lesklym,  ndsledkem  6ehoi  obsah  lesklych  t61es 
byl  ponendhlu  vyCerpdn  a  rozmfery  jejich  a2  na  jistou  minimalnf  velikost 
sklesly. 

Vedle  tohoto  pokusu  provedl  jsem  v  rfiznych  pfestdvkdch  fadu  jin^ch 
pokusti  proveden^ch  za  t^mi  uCelem  a  v2dy  provdzen^ch  stejnym  vf- 
sledkem.  Uvedu  z  nich  tyto: 

1.  Jedinec  (v  listopadu  1896)  isolovdn  stejn^p^m  zpflsobem  jako  dva  pfe- 
deSli.  Ma  na  zaddtku  pokusu  plno  leskl^^ch  tfiles  rozmSru  maximdlnfe 
10  Sestin  prfimSru  jadra.  Po  14  dnech  isolace  ukazuje  leskld  t^lesa  vy- 
derpand  a  umenSend  tak,  ie  jevf  maximdlnfe  2  Sestiny  prfimeru  jddra. 

2.  Jedinec  (26.  listopadu  1896)  vybrdn  z  dlouh^  nddoby,  ve  ktere 
chovdn  materidl  pfineseny  z  Ladvf.  Md  hojn6  lesklych  tSles  naplnSnych 
obsahem  a  dosahujfcich  maximdlnS  7  §estin  prflmSru  jddra.  Isolovdn  do 
dlouhe  nddobky,  je2  pfed  tim  napln^na  filtrovanou  vodou  z  nddoby,  z  niz 
jedinec  vyAat.  Pak  ustf  nddobky  opatfeno  pergamenem,  jen2  pevnS  pfi- 
vdzdn,  nsitei  nddobka  ponofena  do  velk6  nddoby  s  vodou.  Dne  9.  prosince 
vyftat  jedinec  z  nddobky  a  prohlfien.  Jedinec  nalezen  bilym,  uplnS  bez 
potravy  a  jevil  leskld  tSlesa,  jejich2  obsah  byl  vesmfes  vy^erpdn,  pfi  6etni 
jejich  rozmSry  sklesly,  dosahujfce  maximdlnS  5  Sestin  prumSru  jddra. 


*)  K  vuli  pfehlednosti  uddvam  i  ddle  rozmfiry  lesklych  tfiles  podle  rozmfiru  jader 
Pelomyxy. 
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3.  Jedinec  (23.  dubna  1898)  vyhled^n  v  bahn6  v  Idhvi,  v  nii  chovdn 
byl  material  naloven^  v  bfeznu  t.  r.  M^  hojn6  lesklych  tSles,  majicich 
maximaln^  3  Sestiny  prfimfiru  j^dra,  jejichi  obsah  v§ak  nenl  vyderpdn.  Iso- 
lov^n  jest  do  dlouh6  nddobky  stejnym  zpflsobem  jako  pfedeSl^,  iicidobka 
pak  vnofena  do  velk6  nadoby  s  vodou,  v  nf2  byl  jedinec  vyhled^n.  Pro- 
hl{2en  za  5  dni  jevil  se  jedinec  bll^m,  bez  potravy,  a  leskld  tSlesa  m61a 
maximdlnf  velikosf  2  §estin  prum^ru  jddra  a  obsah  jejich  byl  upln6 
vyCerpdn. 

4.  Jedinec  (21.  kv^tna  1898)  vybran  z  Idhve,  v  ni2  chovdn  material 
naloveny  12.  kv6tna  t.  r.  M6l  hojnS  lesklych  tfeles  s  obsahem  nevyderpa- 
nym,  dosahujicich  maximdlnS  3  Sestin  prfim6ru  jidra.  Isolovin  tim2e  zpfi- 
sobem  jako  jedinec  pfedeSl^.  Prohlfien  24.  kvStna  jevf  se  bflym,  t6m6f 
bez  potravy,  jeho  tSlesa  leskld  jsou  uplnS  vy^erpdna  a  dosahuji  maximdlnf 
2V2  §estiny  priimSru  jddra. 

Zjistil  jsem,  ie  leskld  t6lesa  i  pfi  upln6m  vyhladov6nl  nikdy  z  tSla 
Pelomyxy  upln6  nevymizeji.  Vymizf  upln6  jejich  obsah,  v§ak  bldny  obaln6 
zustcivaji,  tfeba  umenSeny  na  minimum.  Takove  bldny  obaln6  umen§en6 
barvl  se  jodem  zlutohn6d6,  coi  u  srovn^inf  s  tim,  ie  bldny  obaln^  na 
lesklych  tSlesech  s  obsahem  derstv6  naderpanym  barvi  se  slabs  hnSdo- 
^ervenS,  sv6d6'  o  tom,  ie  v  bUn6  obaln^  pH  vyterpAvAni  obsahii  lesklych 
t6les  dSjf  se  zm6ny.  K  upln^mu  vyCerpanf  lesklych  tfeles  pfidru^uje  se 
pak  jich  sestupovdnl  se  ve  skupiny,  Cili  agglutinace,  jak  jsem  mohl  zjistiti 
pozorovdnlm  i  pokusem. 

K  agglutinaci  lesklych  t6les  pfidruiuje  se  i  agglutinace  jader.  Jddra 
ta,  pokryti  bakteriemi  tyCinkovitymi  a  obsahujfcf  uvnitf  krdtk^  a  §irok6 
klubfdko  chromatinov^  a  zi'eteln^,  dasto  velik6  kuliCky  leskl6,  seskupujf 
se  ve  skupiny  po  dvou,  tfech  a2  i  u  zna^n6m  podtu.  Na^erpajf-li  leskld 
t^Iesa  znovu  obsah,  oddfeluji  se  op6t  od  sebe  po  jist6  dob6  a  tot6i  d6je 
se  i  se  seskupen^mi  jddry. 

Je-li  tato  agglutinace  lesklych  tSles  a  jader  ve  pfiCinn^  n6jak6  sou- 
vislosti,  zfistdvd  mi  zdhadou.  Mo2no,  ie  agglutinace  ta  jest  zjevem  fysikdlnfi 
chemick]^m,  ie  toti2  pfi  tipln^m  vyhladov6nl  nastdvd  v  plasmat6  Pelomyxy 
jist^  v^sledn^  a  jednotny  stav  chemicky,  pfi  n6mi  jistd  litka  pfed  tfm 
V  plasmat6  rozpu§t6na  se  srkii  (asi  jako  pfi  vysolovdnf  barev  anilinov^ch) 
a  slepuje  pak  dohromady  Idtkou  touto  obklopend  leskU  tSlesa  neb  jadra. 
Na  mo2nost  tuto  ukazuje  i  ta  okolnost,  ie  leskU  tSlesa  nejsou  vidy  jen 
mezi  sebou  seskupena,  nybr2  nSkdy  i  s  jddry  dohromady  slepena. 

Ddle  na  moinost  toho  ukazuje  i  pozd^jSl  rozestoupeni  se  lesklych 
t^les  i  jader,  je4  vyloiiti  Ize  tim,  2e  vypln^nim  vyCerpanych  t6les  lesklych 
nov^m  obsahem  nastdvd  v  plasmatS  Pelomyxy  jiny  vy'sledn^  stav  chemicky, 
jen2  Idtku  sraienou  op6tn6  rozpouStl  a  seskupend  t^lesa  leskld  a  jddra  op6t 
uvolftuje. 
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Kdy2  zjistil  jsem  povahu  leskly'ch  tfiles  i  zm6ny,  kter^m  jsou  podro- 
bena  prfibShem  d6je  2ivotniho,  pfistoupil  jsem  k  feSenf  otdzky,  kter6  Idtky 
potravnf  majf  vliv  na  tvofeni  se  lesklych  t61es,  zvldStfi  na  tvoFenf  se  jich 
obsahu.  Za  udelem  tfm  zkouSel  jsem  tyto  Idtky:  1.  uhlohydrdty  a  glykosidy, 
2.  Idtky  bllkovitd,  3.  tuky.  PH  pokusech  svych  stanovil  jsem  si  pravidlo 
zdkladni,  totii  chovati  jedince  Pelomyxy,  jei  k  uveden6mu  li^elu  jsem 
zkouSel,  V  podmfnkdch  pokud  mo2no  shodn^ch  s  onSmi,  v  jaky^ch  v  pH- 
rod6  ii}i.  U^ival  jsem  pak  materidlu  fierstv^ho  z  Ladvl  pfinesen6ho,  jej2 
choval  jsem  v  nddobdch  dlouhych  (naz^dm  je  ddle  dlouh6),  jednak 
materidlu  trval6ho,  jej2  p6stoval  jsem  ve  sklenfin^  nddob^  velk6  (nazyvdm 
ji  ddle  velkou),  tvaru  okrouhl^;ho  (26  cm.  §irok6  a  13  cm.  vysok6).  V  nd- 
dob6  t6to  by  la  voda  z  Ladvi  z  tflnS,  v  nit  se  Pelomyxy  vyskytujl, 
spolu  s  bahnem,  rostlinami  a  iivodchy,  ktefl  spoleCnfe  tam  s  Pelomyxou 
iijf.  Do  t^to  vody  pfiddval  jsem  denn6  trochu  Cerstv6  vody  fiCnf,  v  delSfch 
pak  pfestdvkdch  mal6  kousky  gelatiny,  ^dsti  papfru  filtrovaciho  a  kusy 
bavlny. 

Pelomyxdm  stdle  dobfe  se  tu  dafilo,  soustfedbvaly  se  hlavn6  na  roz- 
klddajfclm  se  ve  vod6  paplru  a  na  bavlnS.  Ukazovatelem,  ie  Pelomyxdm 
dobfe  se  dafl,  bylo  hojn6  se  vyskytovdnl  v  t6ie  nddobfe  oligochaeta  z  rodu 
Dero  a  ndlevnika  z  rodu  Spirostoma  (pfi  pSstovdni  v  zajetl  velmi  citliv^ho), 
kteH  V  tunlch  na  Ladvf  jsou  stdl;^mi  pr&vodci  Pelomyxy. 

Jedince,  je2  vybfral  jsem  z  obojfho  materidlu,  isoloval  jsem  podle  po- 
tfeby  do  n6kter6  ze  tff  nddobek  sklen6n^ch  a  okrouhlych,  je4  k  vfili  strufi- 
nosti  ndzyvdm:  krdtk6  (2  cm.  §irok6  a  IV2  cm.  vysok^),  dlouh6  (ly^  cm. 
§irok6  a  7  cm.  vysok6)  a  6zk6  (7  mm.  §irok6  a  5  cm.  vysok6).  Do  n6- 
kter6  z  tSchto  nddobek  dal  jsem  vodu  podle  potFeby  bud'  z  dlouhych 
nddob,  bud'  z  velk6  nddoby,  vlo2il  jsem  tam  pipetou  jedince,  jej2 
jsem  chtSl  zkoumati,  k  tomu  jsem  pfidal  Idtku  potravnf,  kterou  jsem  cht61 
zkoumati,  zav6sil  jsem  pak  nebo  postavil  nddobku  do  vody  do  jedn6 
z  dlouh;^ch  nddob  nebo  do  velk6  nddoby.  Tento  zpusob  m6l  v^^hodu, 
ie  jedinec  i  s  Idtkou  potravnf  byl  sice  isolovdn,  pfece  v§ak  byl  ve  spo- 
jenf  s  ustfedfm  odpovfdajfclm  ustfedf  pfirozen^mu.  K  vfili  pfesn6j§f  isolo- 
vanosti  pfikr^val  jsem  nfekdy  je§t6  ustf  nddobek  krycfm  sklfCkem,  nechdvaje 
v§ak  pfi  tom  mal6  otvory  mezi  sklf^kem  a  okrajem  nddobky,  aby  nebylo 
pferuSeno  spojenf  vody  v  nadobce  s  vodou  okolnf.  Dlu2no  podotknouti, 
ie  pokusy  v  nddobkdch  samych  neb  dokonce  pod  sklfCkem,  jak  jsem 
to  provdd6l  v  prvnf  dob6  sv6ho  zkoumdnf,  nedafily  se,  pon6vad2  Pelomyxa 
za  tSchto  podmfnek  abnormdln6  se  chovd  a  na  mnoze  brzy  hyne. 

V  ndsledujfcfm  uvddim  vysledky  svych  pozorovdnf  a  pokusfi,  jak  jsem 
je  shledal  na  jedincfch  Pelomyxy  krmiv  je:  A)  uhlohydrdty  a  glykosidy, 
B)  Idtkami  bflkovit^mi  a  glykogenem,  C)  tuky. 
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A)  Vhlohydraty  a  glykosidy, 

Vyzkumy  sv6  poCal  jsem  nejprve  se  Skrobem  p^eniinim,  s  rUznymi 
stavy  jeko,  pak  j  r^znjfmi  jinjinii  druhy  ikrobu,  Pozorovinf  a  pokusy  dily 
se  V  nddobkdch  krdtk^ch  neb  dlouh^ch,  je2  ponofeny  byly  bud'  do  vody 
velk6  nddoby  neb  do  nddob  dlouh^ch ,'  do  nddobek  isolovdni  jedinci,  je2  bylo 
zkoumati,  a  k  nim  pfiddn  nejprve  §krob  syrovy,  jeho2  zrna  pfed  tfm  pe- 
^liv^m  prohl^dnutfm  pod  mikroskopem  shleddna  pro  liCel  nd§  bezvadn^mi. 
Krmeno  bylo  podle  potfeby  bucf  cel^ch  24  hodiny  neb  hodinu,  neb  jen 
pul  hodiny,  pozorovdnl  pak  ddlo  se  pravidlem  za  24  hodin,  neb  za  kratSi 
dobu,  neb  v  rfiznych  pfestdvkdch  za  doby  delSf.  Tu  bylo  shleddno,  2e 
jedinci  takto  Skrobem  krmenf  byli  jlm,  zejm^na  po  krmeni  po  24  hod., 
tak  nacpdni,  4e  ostatnf  potrava  proti  tomu  t6m6f  upln6  zanikala.  Na  mnoh^ch 
pak  zmech  shleddno,  2e  byla  poruSena  ukazujice  tvary,  je2  pozorovdny  byly 
na  zrnech  Skrobu  syrov^ho  (s  vrstvami  koncentrick^mi),  kdyi  byla  podro- 
bena  u^inku  enzymft  diastatick;^ch,  jak  to  na  pf.  novfeji  popsali  a  vyobrazili 
Baraneckij  na  zrnech  Skrobu  p§eniCn6ho  (Die  starkeumbildenden  Fermente 
in  den  Pflanzen;  Lipsko,  1878)  a  ArthurM  eyer  na  zrnech  Skrobu  jedmene 
(Untersuchungen  iiber  die  Starkekorner;  Jena,  1895). 

Vyobrazuji  na  pf  ilo2en6  tabulce  tyto  tvary,  vznikl6  poruSenfm  na  zrnech 
5krobovych,  jimi2  byli  ur^itou  dobu  jedinci  Pelomyxy  krmeni,  jak  jevf  se 
za  pozorovdnl  po  24  hod.  neb  po  delSlch  dobdch,  nebo  po  dob6  krat§( 
ne2  24  hod.  Shledal  jsem,  2e  tyto  tvary  na  zrnech  Skrobovych  vznikaji 
t6mito  zpfisoby: 

a)  Tvofenfm  se  kandlkfi  radidrnfch  od  obvodu  zrna  do  stfedu  po- 
stupujicich  a  rozSifovdnfm  se  jich  podle  rozpustnosti  vrstev,  jimi2  pro- 
chdzeji. 

b)  Tvofenfm  se  v^^seku  postupujfcich  od  povrchu  do  vnitf  jadra  a 
rozSifujfcfch  se  podle  rozpustnosti  vrstev,   je2  znendhla  postupnS  obna2ujf. 

c)  Slfenfm  se  puklin  ve  stfedu  zrna,  je2  zveliCujf  se  podle  rozpust- 
nosti vrstev,  V  nichi  se  nalezajl  a  jichi  se  dotykajf. 

d)  Sifenfm  se  obvodnf  trhliny  nalezajfcl  se  na  ostfej§im  okraji  zrna 
a  zveliCujfci  se  podle  rozpustnosti  vrstev,  v  nichi  se  nalezd  a  jich2  se 
dotykd. 

e)  Tvofenfm  se  a  zveliCovdnfm  kandlkfi  probfhajfcich  v  prflbfehu  jed- 
notlivych  vrstev. 

f)  Celkov^m  rozpou§t6nfm  jednotliv^ch  vrstev,  txml  zvrstvenf  zrna 
stdvd  se  u  porovndnf  se  zrnem  neporuSenym  patrn6j§im,  totii  m6n6  roz- 
pou§t6n6  vrstvy  vynikaji  patrn6ji  mezi  vfce  rozpou§t6n^mi. 

Uveden6  zpfisoby  vyskytujf  se  na  zrnech  ojedinfile  nebo  v  kombinacfch 
a  t^kajf  se  pfedevSfm  velk^ch  zrn  Skrobu  pSeniCn^ho.  U  malych  zrn  shle- 
dal jsem,  2e  poruSovdna  jsou  vesmfes  jednostejnfi  Sffenfm  se  radidrnfch 
kandlkfi  a  stfednf  dutiny,  s  nf2  jsou  ve  spojenf. 
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Podle  shody  tvarfi,  jak^  jevl  syrova  zrna  Skrobovi,  nalezajfcf  se  ur- 
Citou  dobu  V  tSle  Pelomyxy  s  tvary,  jake  jevl  syrovd  zrna  Skrobovd  pod- 
robend  vlivu  enzymfi  diastatickych,  nutno  usouditi,  ie  zrna  Skrobovd  jsou 
V  t61e  Pelomyxy  stravovdna  a  ie  pfi  torn  pflsobl  enzym  diastaticky  v  t6le 
Pelomyxy  vytvofovan;^.  Mohlo  by  se  namftati,  ie  tu  pfisobi  bakterie,  jei  na- 
lezajl  se  hojn6  v  plasmatfe  Pelomyxy  i  ve  vakuoldch  potravnich,  a  je2  jsem 
take  nSkdy  nalezl  ve  vakuoldch,  v  nichi^  byla  zrna  Skrobovd,  kterd  po 
del§i  dobu  v  t6le  Pelomyxy  se  nalezala.  Ndmitku  tuto  nutno  vyvrititi, 
nebo£  nalezl  jsem  v  t6le  Pelomyxy  tvary,  je4  vznikly  poruSenfm  zrna 
§krobov6ho  spusobem  nahofe  uvedenym,  pfi  torn  pak  nebylo  na  t6chto 
tvarech  pH  nejbedliv6j§im  pozorovinl  ani  stopy  bakterif,  anii  byly  nalezeny 
ve  vakuolach,  v  nichi  nfekter^  tyto  tvary  se  nalezaly.  Vedle  toho  provedl 
jsem  nasledujicl  pokus.  Zrna  Skrobova  pSenidna  rozdSlil  jsem  na  dva  dfly. 
Jednln  dilem  krmil  jsem  hodinu  jedince  isolovan^ho  v  kratk6  nddobce, 
jei  byla  ponofena  do  velk6  nddoby  s  vodou.  Druhy  dil  dal  jsem  do  jine 
krdtk^  nddobky,  kteroui  jsem  ponofil  do  teie  velk6  nddoby.  Ob6  nddobky, 
nddobka  s  jedincem  i  nddobka  se  Skrobem,  ponechdny  ve  velk^  nddob^ 
44  hodiny  a  d4!e  48  hodin,  a  po  tSchto  dvou  dobdch  prohli2en  souCasnS 
jedinec  i  §krob.  V  jedinci  nalezeny  byly  charakteristick6  tvary,  vznikl^  porU' 
§enfm  zrn  Skrobovych,  na  Skrobu  pak,  jen2  soucasn6  s  jedincem  v  teie  vod6 
se  nalezal,  pozoroviny  byly  bakterie,  ktere,  jak  pravdS  podobno,  mohly  se 
i  do  tSla  Pelomyxy  dostati  a  zde  podobne  piisobiti.  Tu  v§ak  shledal  jsem, 
ie  zmSny,  jei  bakterie  na  zrnech  tohoto  Skrobu  zpGsobily,  byly  docela 
jin6ho  zpusobu  nei  zmSny,  jevfcf  se  na  zrnech  Skrobovy'ch,  v  tSle  Pelo- 
myxy se  nalezajlcfch. 

PoruSovdnf  zrn  syrov^ho  Skrobu  pSenidn^ho  nedfiije  se  v  t^Ie  Pelo- 
myxy za  stejnou  dobu  u  v§ech  zrn  stejn6.  Tak  na  pf.,  krmime-li  jedince 
Pelomyxy  Skrobem  V2  hodiny  a  potom  prohli2ime  zrna  Skrobovd  v  tfele 
Pelomyxy  po  24  hodindch,  shleddme,  ie  mnohi  zrna  jsou  vfibec  neporu- 
§ena,  jin4  poruSena  jsou  mdlo  uzkymi  radidlnfmi  kandlky  a  mfilk^mi  vyseky, 
jind  vfce  poruSena  jsou  rfizn^^m  zpusobem,  hlavnfe  §irok:p'mi  kanalky,  a  ko- 
ne6n&  jind  jsou  silnS  provrtdna  a  umenSena  na  zbytek  obklopeny  vakuolou. 
Intensivnost  poruSovdni  zrn  Skrobovych  v  t6le  Pelomyxy  dasem  stoup^. 
Tak  na  pf.  krmil  jsem  vice  jedincCi  Skrobem  4  hodiny;  prohlfienlm  jednoho 
z  nich  po  4V.2  hodin6  shledal  jsem,  ie  v6t§ina  zrn  Skrobov^ch  v  tSle  jeho 
se  nalezajf clch  byla  neporugena  a  jen  nektera  poruSena  slab6,  jin^p-  jedinec 
prohlfien  po  29  hodindch  ukazoval  ]\i  e^etnd  zrna  v  rozliCnych  stupnlch, 
slabs  az  silnS,  poru§end,  kone^nS  jiny  jedinec,  prohlfien;^  ai  po  6  dnech, 
jevil  proti  pf edeSl^mu  zrna  poruSend  v  mnoistvi  mnohem  v6t§im  a  v  rCiznych 
stupnlch.  slabs  ai  silnS  (ai  na  zbytky  zna^nS  rozhlodane). 

NSktera  zrna  syrovSho  Skrobu  pseniSneho  mohou  vSak  v  tSle  Pelo- 
myxy dlouhou  dobu  setrvdvati,  anii  jsou  poruSena.  Z  nfekterych  o  torn 
mne  pfesvSdeujfcfch  pozorovdnf  uvddim  ndsledujicf.  Dne  21.  listopadu  1894 
krmil  jsem    vice   jedinci    §krobem    24  hodiny,   nadei    choval  jsem  je   ve 
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velk6  nddoW  pedivfe  je  isoluje  do  krdtk6  nddobky,  do  nii  jsem  pfidal 
n6co  humusu.  Dne6.  dubna  1895  prohll^el  jsem  jednoho  z  tSchto  jedincu 
a  shiedal  jsem,  2e  v  tfele  jeho  nalezaji  se  jeStS  hojnd  zrnka  Skrobovd, 
z  nichi  n^kterd  byla  vice  neb  m6n6  poruSena,  jin4  v§ak  upln6  neporuSena. 

V  pfedchdzejidm  zjistili  jsme,  ie  zrna  syrov^ho  Skrobu  p§enidn^ho 
jsou  V  t6le  Pelomyxy  poruSovdna,  nastdvd  pak  otdzka,  jak  chovaji  se  pfi 
torn  tfelesa  leskld.  O  torn  mo2no  se  pfesv6dciti  pokusem  ndsledujfcim. 
Vybrdn  v^tSf  podet  jedincfl,  u  nichi  vesmSs  leskld  t^lesa  m6la  obsah  vy- 
Cerpan]^  a  dosahovala  maximdln^  2  Sestin  pr&mSru  jadra.  Jedna  iAst 
jedincu  ddna  do  kratk6  nddoby  se  Skrobem,  druha  6asi  jedincfi  do  jin6 
krdtk6  nddoby  bez  Skrobu,  ob6  pak  soudasnS  vloieny  na  24  hodiny  do 
velk6  nddoby  blizko  sebe.  Po  24  hodindch  byli  oboji  jedinci  prohli^eni. 
Jedinci  bez  Skrobu  m6li  leskld  t6lesa  nezm^nend,  jedinci  krmeni  Skrobem 
obsahovali  v  t61e  sv6m  plno  zrn  Skrobovych,  z  nich2  mnohi  byla  poruSena, 
a  jejich  tSlesa  leskld  byla  naplnSna  obsahem  a  byla  zv6t§ena  dosahujfce 
maximdlnd  5  Sestin  pr(im6ru  jidra. 

Z  v^sledku  uveden^ho  pokusu  nutno  souditi,  ie  po  nakrmenl  Skrobem 
vyCerpand  tfelesa  leskld  naplfiujf  se  obsahem  a  zv6tSuj{  sv6  rozmery.  Vedle 
uveden^ho  pokusu  proved! '  jsem  dlouhou  fadu  pokusfi  jinych,  rozliCnfe 
modifikovanych,  v2dy  vSak  provdzenych  stejn^m  vysledkem,  ie  totii  po  na- 
krmenl Skrobem  vyderpand  tSlesa  lesklA  naplAujl  se  obsahem  a  zvetsuji  se, 
a  ie  telesa  leskld  ji2  obsahem  napln^nd  rozmSry  sve  zv^tSujl.  Nutno  je§t6 
nfeco  dodati.  Obsah  lesklych  t6les,  zfskany  nakrmenlm  jedincQ  Skrobem, 
TuA  tyt6i  vyzna^ne  vlastnosti  (uveden6  na  za^dtku  naSi  prdce)  jako  obsah 
lesklych  t6les  u  jedincili,  pochdzejlcfch  z  materialu  Cerstv6  z  tCin6  nalovendho. 
Jest  tudfi  totoinost  povahy  obou  na  jisto  postavena. 

Uvedu  ddle  k  vflli  podrobnostem  vysledky  nSkterych  pokusCi  sem 
spadajlclch. 

U  jedincCi,  kteff  mfili  pfed  krmenfm  leskld  telesa  vyierpand  a  maxi- 
mdlni  rozmfery  V/.^  Sestiny  prQm^ru  jddra,  shiedal  jsem,  ie  po  24hodinn6m 
krmeni  tato  telesa  vzrostla  pravidlem  na  maximdlni  rozm6ry  3  Sestin  pru- 
mfiru  jddra,  u  jedinci,  majlcich  pfed  krmenim  maximdlnl  rozmSry  2  Sestin 
priimferu  jddra,  ie  vyrostla  po  krmeni  pravidlem  na  maximdlni  rozmfery 
5  Sestin  prfimSru  jddra.  U  tff  jedincfi,  ktefi  m6li  pfed  krmenim  telesa 
leskla  naplnSnd  obsahem  a  dosahujicl  maximaln^  velikosti  prfimeru  j^dra, 
shiedal  jsem,  ie  po  24hodinn6m  krmenf  Skrobem  m61i  dva  leskld  tSlesa 
zv6t§end  maximalnS  na  8  sestin  prum6ru  jddra,  tfetf  pak  na  9  Sestin  prQ- 
m6ru  jidra.  U  dvou  jedincu,  z  nich^  jeden  m6l  pfed  krmenim  telesa  leskld 
napln^nd  obsahem  a  dosahujlcf  maximaln6  7  sestin  prumSru  jddra,  druh>^ 
10  Sestin  prfimSru  jadra,  vzrostla  tato  leskla  t6lesa  po  24hodinn^m  krmeni 
Skrobem  u  prvnfho  i  druh^ho  maximdlnfe  na  15  Sestin  prCim^ru  jadra. 
U  jednoho  jedince,  ktery  mel  pfed  krmenfm  leskld  t6lesa  vy^erpand  a 
dosahujicl  maximdlnS  2  Sestin  prum6ru  jadra,  nalczl  jsem,  ie  krmen 
24  hodiny  a  pozorovdn  po  3  X  24  hodindch  od  poddtku  krmeni,  m61  leskU 
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t^lesa  naplnSnd  obsahem  a  zvStSend  maximdinS  na  10  Sestin  prflm^ru  jidra. 
Jin;^  jedinec,  jen2  m6l  leskld  tSlesa  vyCerpand,  maximdlnfch  rozmferii  1 Y2  Sestiny 
prfimSru  jddra  a  krmen  byl  pak  24  hodiny  Skrobem,  mfil,  pozorovdn  po 
1 8  dnech  od  poCdtku  krmeni,  leskld  tSlesa  naplnSnd  obsahem  a  dosahujfcf 
maximalnfe  velikosti  prumSru  jddra,  jin^^  pak  jedinec  my  za  okolnosti 
s  pfedeSl^m  stejnych  leskld  tfelesa  dosahujfcf  maximdlnfe  7  Sestin  prflm^ru 
jddra.  T6i  jedince,  kter6i  jsem  isoloval  a  donutil  ndsledkem  nedostatku 
potravy  k  vyCerpdnf  obsahu  leskl;^ch  tfiles  a  ke  zmenSenf  jejich  rozmSrCi 
(viz  II.  Cdsf  tohoto  pojedndnf),  krmil  jsem  na  konci  pozorovdnf  24  hodiny 
neb  d61e  §krobem  a  shiedal  jsem  vesm^s  souhlasn^,  ie  leskld  t^iesa  na- 
plnila  se  obsahem  a  vzrostla  sv;^mi  rozmfery. 

V  ph'padech,  kde  leskld  tSlesa  jsou  v  jedincfch  upln6  vy^erpdna  a 
v6t§inou  agglutinovdna,  zachovdvajf  namnoze  tuto  agglutinaci  i  po  24ho- 
dinn6m  krmenf  Skrobem,  jsou  v§ak  pfi  tom  naplnSna  obsahem  a  zv6t§ena. 
O  tom  pfesv6ddl  jsem  se  nSkolika  pokusy  i  poddvdm  vyobrazenf  tykajfcf 
se  jednoho  takov6ho  pokusu.  Po  dob6  pozdSjSf  v§ak  se  leskld  tfilesa  vidy 
od  sebe  odd^lujf,  jak  jsem  mohl  zjistiti.  Na  pf.  po  krmenf  Skrobem  trvaji- 
cfm  48  hodin  jsou  '}ii  v6t§inou  nespojena  a  s  nimi  i  t€i  v6t§inou  jddra,  t6i 
pfed  krmenfm  namnoze  agglutinovand. 

HledSl  jsem  t6i  zjistiti  ponSkud  rychlost,  s  jakou  dfeje  se  op6tn6  na- 
plftovdnf  vyderpan^ch  lesklych  t6les.  Jedince,  jen2  m61  leskld  t6lesa  uplnfe 
vy^erpand,  maximdlnf  velikosti  dvou  Sestin  prfimSru  jddra,  krmil  jsem  hojnS 
syrovym  Skrobem  pSeniCnym  tfi  hodiny.  I  shiedal  jsem,  pozoruje  jedince 
hned  po  tfech  hodindch,  ie  leskld  tSlesa  poCala  se  ji4  zfeteln6  naplAo- 
vati  obsahem  a  zdroveft  jii  zfetelnS  byla  zv6t§ena. 

Chci  je§t6  zminiti  se  o  vakuoldch,  kter6  vyskytujf  se  kolem  zrn  §kro- 
bovych  V  t6le  Pelomyxy  se  nalezajfcich.  Mdm  za  to,  iG  vyskytovdnf  se 
zfeteln]^ch  vakuol  kolem  zrn  Skrobov^^ch  zdvisf  na  mno2stvf  rozpustn6ho 
materialu  vychdzejfcfho  ze  Skrobov^ch  zrn.  NeporuSend  zrna  Skrobovd  jsou 
v  t6le  Pelomyxy  plasmatem  t6sn6  objata.  Zrna  mechanicky  poruSend,  vSelijak 
nalomend,  jsou  v6t§inou  objata  vakuolami,  co2  Ize  vysvStliti  tfm,  ie  obnaie- 
nfm  vnitfnfch  vrstev  zrna  §krobov6ho  ddna  jest  enzymu  moinost  intensiv- 
nejslho  pusobeni.  Zrna  poruSend  pi&sobenim  enzymu  jsou  v  tSle  Pelomyxy 
bud'  bez  zfetelnych  vakuol,  burf  jsou  objata  zfeteln^mi  vakuolami.  V  pfi- 
pad6  prvnfm  mdm  za  to,  ie  jest  tu  menSi  mnozstvl  rozpustn6ho  materidlu 
vyrobeno  nei  za  stejnou  dobu  v  pflpadS  druh^m,  a  ie  t6m€i:  souCasn6,  jak 
se  materidl  rozpustny  tvofi,  jest  v  plasma  vstfebdvdn,  6imi  nedojde  k  vy- 
tvof enf  zfetelne  vakuoly.  Rozpustnost  Skrobu  Ize  zv6t§iti  tfm,  ie  zrna  §kro- 
bovd  (v  na§em  pffpadS  pSeni^na)  nabobtndme  pusobenfm  hork6  vody,  neb 
ie  pfipravfme  z  nich  Skrobov^y^  maz. 

Krmfme-li  24  hodiny  jedince  Pelomyxy  takov^m  Skrobem  [nabobt- 
nal^m  nebo  mazem  Skrobovym,  jej2  jsme  pfed  tfm  nechali  vyschnouti  a 
potom  zprdSkovali,  shleddme,  prohlf2fme-li  jedince  hned  po  24  hodi- 
ndch, ie  obsahuje   v  t6le   sv6m  velik^   mno^stvi  nabobtnalych  zrn  Skrobo- 

XXIV. 


Digitized  by 


Google 


13 

vych  neb  6Astic  mazu  §krobov6ho  a  ie  oboje  jsou  vesmfes  v  zfeteln^ch 
vakuoldch. 

Pozorujeme-li  takto  nakrmen^  jedince  delSf  dobu,  nalezneme,  ze  ob- 
jem  nabobtnal^ch  zm  Skrobov^ch  i  ^dstic  mazu  Skrobov^ho  stile  se  zmen- 
§uje,  pfi  torn  vSak  umenSuje  se  i  objem  vakuol;  pozdSji  nal6z4ine  zbytky 
§krobov6  V  tfesnych  vakuoldch  neb  vflbec  bez  vakuol,  konednfi  pak  jen 
zbytky  bez  vakuol  jodem  vice  se  nebarvlci.  Zde  nutno  mi  podotknouti, 
ie  zrna  syrov6ho  Skrobu  p§eniCn6ho,  kdyi  v  t6le  Pelomyxy  podrobena 
byla  pflsobeni  enzymu  a  poruSena  byla  na  miru  nejkrajnSjSi,  jevfce  se  jako 
nepatrn^  provrtan6  zbytky,  je§t6  jsou  jodem  charakteristicky  zbarvovana 
jako  zrna  neporuSend.  To  jest  ve  shod6  s  pozorovdnim  Baraneck^ho  tyka- 
jfcim  se  pfisobenf  diastasy  na  syrov^  zrna  pSeniCn^  a  svfedCi  o  tom,  ie 
i  V  t6ch  zbytcfch  stdle  je§t6  pfftomna  jest  rozpustn6j§i  modifikace  §krobovi, 
na  nii  zdvisi  charakteristicky  zbarveni  jodem. 

Z  uveden6ho  pozorov^nf,  tykajfclho  se  nabobtnaleho  a  vaf en^ho  Skrobu 
p§eniCn6ho,  mo2no  t6i  souditi,  ie  jest  v  t6le  Pelomyxy  ztravov^n^  O  tom 
rozhodn^  se  pfesvSdCime  pozorov^nim  zm6n  na  telesech  lesklych.  Shle- 
dame,  ie  podobnS  jako  po  krmeni  Skrobem  syrovym  t6i  po  krmenf  Skro- 
bem  nabobtnalym  neb  vafenym  vyCerpand  tSlesa  leskl^  naplAuji  se  obsahem 
a  zv6t§ujf  se,  tfelesa  leskli  '}ii  obsahem  naplnSnd  ie  se  t6i  zvfitSuji. 

Pfesvfeddl  jsem  se  o  tom  fadou  pokusfi,  z  nichi  k  vuli  podrobnostem 
tfi  uvddim. 

1.  Tfi  jedinci  majicf  pfed  krmenf m  leskl^  t^lesa  vyderpand  a  dosahu- 
jfcf  maximalnfe  2V2  Sestiny  prfimferu  jddra  krmeni  byli  24  hodiny  pSeni^- 
nym  Skrobem  vafenym.  Pozorovdni  po  24  hodinach  ukazovali,  ie  jejich 
t^lesa  leskli  naplnila  se  obsahem  a  dosdhla  velikosti  maximdln6  6V2  §estiny 
prfimSru  jddra. 

2.  Jedinec,  ktery  pfed  pokusem  krmen  byl  nabobtnalym  Skrobem 
pSeniCnym,  jevi  po  upln6m  jeho  ztrdvenl  t^lesa  leskld,  naplnfena  obsahem  a 
dosahujfci  maximilnS  velikosti  prum6ru  jddra.  Jest  krmen  znovu  nabobt- 
nalym Skrobem  pSeniCn^m  24  hodiny  i  ukazuje  pozorovdn  po  24  hodi- 
ndch  t^lesa  leskld  zv6t5en6,  dosahujfci  maximdln6  10  Sestin  prfimSru  jddra. 

3.  Jedinec,  majicf  pfed  pokusem  t^lesa  lesklci  vyCerpan^,  dosahujfcf 
maximdlnS  ly^  Sestiny  prumferu  jidra,  krmen  byl  24  hodiny  vafenym 
Skrobem  pSeni^n^m.  Pozorovan  po  24  hodinich  ukazoval  telesa  leskla  na- 
pln^n^  obsahem  a  dosahujfci  velikosti  4  Sestin  prfimSru  jadra.  Soucasnfe 
s  tfmto  jedincem  krmen  byl  za  stejnych  ostatnfch  podmfnek  jiny  jedinec 
syrovym  Skrobem  pSeniCnym,  i  jevil  pozorovan  po  24  hodindch  tSlesa  leskld, 
naplnSnd  obsahem  a  dosahujfcf  maxim^ln6  3  Sestin  prum6ru  jadra. 

Z  poslednfch  dvou  pokusfi  moino  t6i  vyvozovati,  ie  nabobtnal>^  §krob 
pSeniCny  neb  vafeny  ztravovdn  jest  v  t6le  Pelomyxy  za  stejnou  dobu  inten- 
sivnSji  ne21i  Skrob  syrov^. 

ZkouSel  jsem  t6i  za  tidelem  trdvenf  v  t61e  Pelomyxy  vymrzl^  Skrob 
p§enian^.  Obdriel  jsem  jej  tfm  zpusobem,  ie  vafil  jsem  Skrob  syrovy  s  nad^ 
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bytkem  vody,  pak  zfiltroval  a  vodu  obsahujfcl  §krob  rozpu§t6ny  ostavil 
vymrznuti,  nadei  Skrob  srazil  se  v  podob6  vice  m6n6  vldknitych  titvaru, 
jimii  byli  jedinci  Pelomyxy  krmeni.  K  vuli  jich  poznini  v  t6le  Pelomyxy 
zbarvil  jsem  vymrzly  Skrob  lakmusem,  kurkumou  neb  kongovou  ierveni. 
Za  tiin  li^elem  barvil  jsem  roztok  Skrobovy  pfed  vymrznutim,  nade2  po 
vymrznuti  objevuji  se  sra2en^  d^stice  Skrobove  slabfe  fialove  zbarven6  (lak- 
musem),  neb  p6kn6  citronovS  (kurkumou)  neb  derven6  (kongovou  iervenf). 
Takto  zbarvenym  Skrobera  vymrzlym  krmil  jsem  jedince  Pelomyxy  24 
hodiny,  naCei  prohlfiel  jsem  je  po  24  hodmdch  a  po  dalSfch  dob^ch. 
Shledal  jsem,  ie  tyto  distice  §krobov6  obsaieny  jsou  v  tSle  Pelomyxy  bez 
zfeteln^p'ch  vakuol  neb  2e  jsou  obklopeny  zfetelnymi  vakuolami,  oby6ejn6 
vSelijak  podle  nitkovit^ho  tvaru  Mastic  Skrobovych  protaienymi.  Pozoroval 
jsem  d^le,  ie  ^dstice  tyto  po  dalSim  setrv^vdnf  v  t^le  Pelomyxy  se  umen- 
§ujl,  zakulacuji  neb  ztenCuji  nab^^vajfce  nezfeteln6ho,  v  plasmatS  se  ztrice- 
jfcfho  okraje,  ai  koneCnS  nalezl  jsem  v  t61e  Pelomyxy  jen  nepatm^  jich 
zbytky.  • 

ie  vymrzl]^  Skrob  pSeniiny  v  tSle  Pelomyxy  je  ztravov^n,  o  torn  roz- 
hodn6  nds  pfesv6dduji  zmSny  na  vyderpan^ch  t6lesech  lesklych,  jez  po 
nakrmeni  tfmto  Skrobem  naplftuji  se  obsahcm  a  zvelidujC  se.  Z  pokusu 
o  tom  mne  pfesv6dfiujicfch  u^adim  ndsiedujicf.  Tfi  jedinci,  majici  leskU 
tfelesa  vyCerpani  s  maximdlni  velikostl  2  sestin  priimSru  jddra,  krmeni  jsou 
24  hodiny  v\mrzlym  Skrobem  pSeni^nym  (zbarvenym  kongovou  ierveni); 
prohlf^eni  po  24  hodindch,  ukazuji  t6lesa  leskld  napln^n^  obsahem,  dosahu- 
jfci  maximdInS  4  Sestiny  prumferu  jddra. 

Pfi  vyzkumu  za^ivanf  Skrobu  pseniCneho  v  t^le  Pelomyxy  hledSl  jsem 
t6i  zjistiti,  jaka  jest  pfi  tom  reakce,  zda  neutralni,  neb  kyseld,  neb  alka- 
licki.  Za  tim  u(5elem  barvil  jsem  Skrob  kongovou  Cervenf,  lakmusem  a  kur- 
kumou a  takto  zbarvenym  Skrobem  krmil  jsem  jedince  Pelomyxy,  je2  jsem 
pak  delSf  dobu  zkoumal,  v  jednom  pfipadS  od  13.  listopadu  (1894)  do 
6.  dubna  (1895),  prfib^hem  kter^2  doby  byli  jedinci  tfikrite  krmeni.  Syrov^ 
§krob  pSeni^ny  Ize  nSkdy  zbarviti  kongovou  Cervenf  a  tu  shledal  jsem, 
ie  nSkterd  takto  zbarvend  zrna  Skrobovd  nalezala  se  v  t6le  Pelomyxy  ob- 
klopend  vakuolou  barvy  ^ervene,  pfi  demi  na  zrnech  byly  zfeteln^  stopy 
pusobeni  enzymu.  Nabobtnaly  Skrob  pseniCny  i  vafeny  Ize  pfekne  bar- 
viti  kongovou  dervenf.  Shledal  jsem,  ie  v  t^le  Pelomyxy  zrna  nabobtna- 
leho  Skrobu  neb  d^stice  vafeneho  Skrobu  psenid^neho  obklopeny  jsou 
nejprve  vakuolami  6erven6  barvy,  pozdeji  vakuolami  barvy  nafialov^le  a 
ie  koned^n^  zbytky  obojiho  Skrobu  v  t6le  Pelomyxy  nabyvaji  barvy 
nafialov^le. 

Skrob  nabobtnaly  i  vafeny'  pseniCny  Ize  dosti  trvanlivS  barviti  lakmusem 
(u^ival  jsem  pfi  tom  lakmusu  dialysou  eisteneho),  kdyz  po  barveni  byly 
podrobeny  vyschnutf.  Tei  vymrzly  skrob,  jak  jsem  ji2  uvedl,  Ize  barviti 
lakmusem.  Zkoumal  jsem  v  t^le  Pelomyxy  Skrob  nabobtnaly  a  vymrzly, 
oboji  lakmusem  zbarveny,  i  shledal  jsem,    ie  ddstice    obojiho    Skrobu  jsou 
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nejprve  obklopeny  vakuolami  barvy  fialov^  pozdSji  ^erven6  a  ie  Cdstice 
samy  jsou  nejprve  barvy  fialov6.  pozd^ji  pak  (zbytky  jich)  barvy  ^erven^. 
Zkoumal  jsem  je§t6  vymrzly  Skrob  kurkumou  zbarveny  a  nalezl  jsem,  ie 
^dstice  toho  Skrobu  zustdvaji  v  t6le  Pelomyxy  stile  2lut6  zbarveny. 

Na  zakladS  pozorovinl  tuto  uvedenych  soudim,  ie  pfi  zaixv^ni  Skrobu 
pSeniCn^ho  v  t6le  Pelomyxy  jest  reakce  neutrilnf  a  pozdfeji  kyseld. 


Za  iSCelem  zai^ivdni  v  t61e  Pelomyxy  zkoumal  jsem  vedle  Skrobu  p§e- 
nidn^ho  je§t6  jine  ctruhy  Skrobu,  a  sice:  bramborov]^,  palmovy  a  ryiov^. 
Prv^  dva  druhy  ndle^eji  ke  Skrobu  s  vrstvami  excentrick^mi,  a  o  tom  jest 
znimo,  hlavnfi  u  Skrobu  bramborov^ho,  ie  dlouho  vzdoruje  udinkum  en- 
zym6  diastatick^ch.  Na  Skrobu  takovem  nevyskytujf  se  p&sobenfm  enzymfi 
takov^  charakteristicke  tvary  jako  na  §krobu  s  vrstvami  soustfedSn^mi,  jimi 
jest  na  pf.  §krob  pSenitey.  Proto,  kdyi  krmil  jsem  jedince  24  hodiny  uvede- 
nym  dvojim  Skrobem,  nemohl  jsem,  prohlfieje  Skrobovd  zrna  v  t6le  jedincCi 
po  24  hodindch  a  po  fad6  dnfl,  v  jednom  pflpad6  i  po  nfekolika  mSsiclch 
(tykalo  se  to  Skrobu  bramborov^ho)  nikdy  zjistiti  na  nich  bezpeCn6  stopy 
poruSeni,  sv6dCfcf  o  jich  za^ivdnf  v  tele  Pelomyxy.  Skrob  r^iovy  rovn62 
vzdoruje  znadn6  uCinkum  enzymu.  Pfece  v§ak  po  nakrmenf  tfmto  §krobem 
nalezl  jsem,  ie  v  t6le  Pelomyxy  zrna  tohoto  Skrobu  jsou  po  del§{  dob6 
poruSovdna  zpflsobem  charakteristickym,  toti2  tvofenlm  se  radiarnfch  ka- 
ndlkfi  a  stfednf,  s  tSmito  kandlky  spojen6  dutiny,  tedy  podobnym  zpflsobem 
jako  kdyi  na  takovd  zrna  pfisobl  enzym  diastatick]^. 

2e  vSechny  tfi  druhy  Skrobu  tuto  uveden^  ztravujf  se  v  tSle  Pelomyxy, 
o  tom  rozhodnS  se  pfesv6ddime  pozorovdnfm  zm6n  na  vydierpanych  t6le- 
sech  leskl^ch,  je2  po  krmenf  tSmito  druhy  §krobu  naplftujf  se  obsahem 
a  zvfetSuji  se.  Udnil  jsem  mezi  jinymi  ndsledujfcf  pokus.  Vybrdno  deset 
jedincfi  majfcfch  leskld  tfelesa  vyderpand  a  dosahujfcl  maximdlnfe  2  Sestin 
prflmSru  jddra.  Dva  z  nich  krmeni  24  hodiny  Skrobem  bramborovy^m, 
dva  Skrobem  palmovym,  p6t  Skrobem  ryiov^m  (a  to  CdsteCnS  syrovym, 
ddsteCnS  nabobtnalym),  jeden  pak  nekrmen^  chovdn  v§ak  24  hodiny  za 
podmfnek  jinak  stejnych  s  ostatnimi,  totii  v  krdtk6  nadobce,  ]ei  ponofena 
do  velk6  nddoby  vedle  krdtk^ch  nddobek,  v  nichi  chovdni  ostatnf  jedinci 
se  Skrobem.  Prohlf^enfm  tSchto  jedincii  po  24  hodinach  shleddno  ndsledu- 
jicf:  jedinci  obsahujicf  Skrob  bramborovy  mSli  leskld  t^lesa  napln^nd  ob- 
sahem s  maximdlnf  velikosti  3  Sestin  prflmeru  jddra,  jedinci  se  Skrobem 
palmov]^  a  se  Skrobem  ryiov^m  leskld  t^lesa  t6i  naplnSnd  vesm6s  obsa- 
hem. U  prvnich  pak  byla  jejich  max.  velikost  4  Sestiny  prflmferu  j&dra, 
u  druh^ch  5  §estin  prfimSru  jddra. 

Jedinec  nekrmeny  mfel  leskld  t61esa  nezmfenSnd.  Byv  hned  po  t6 
V  t^2e  nddobce   krmen   Skrobem   r^2ov;^m  (z  t6ho2   materidlu,  jfm2   onfich 
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p6t  jedincfl  bylo  krmeno)  24  hodiny,  ukazoval  pozorovdn  po  24  hodinich 
leskld  tfilesa  napln^nd  obsahem  a  zv^tSend  maximilnS  na  5  Sestin  prfi- 
mfiru  j^dra. 

Zrna  §krobu  bramborov^ho  i  palmov6ho  nalezajl  se  v  t6le  Pelomyxy 
pfevdinou  vStSinou  bez  zfeteln^ch  vakuol,  jsouce  t6sn6  plasmatem  objata. 
Rozetfel  jsem  jednou  zrna  §krobu  bramborov^ho  £d§te£n6  na  skU^ku  a 
krmil  jsem  jimi  dva  jedince  24  hodiny.  Pozorovdni  po  24  hodindch  mSli 
jedinci  v  tSle  plno  zrn  Skrobovych,  zrna  neporuSend  byla  bez  vakuol, 
kdeito  zrna  rozestlr^nfm  poruSend  byla  v6t§inou  ve  vakuoldch.  To  Ize  tim 
vysvgtliti,  ie  u  zrn  poruSenych  odhalenfm  vnitfnfch  vrstev  ddna  byla  v6t§i 
moinost  rozpustnosti  neili  u  zrn  neporuSen^ch. 

Za  judelem  vyzkumu  zaiivAni  zkouSel  jsem  t6i  modifikaci  Skrobu 
bramborov^ho  jodem  CervenS  se  barvfcf,  }\i  jsem  obdriel  tlm  zp&sobem, 
ie  syrov^  Skrob  bramborovy  vafil  jsem  dv6  hodiny  ve  27^  kyselin6  sirov6, 
nechal  48  hodin  stdti,  sfiltroval  a  zbytky  §krobov6  jodem  derven6  se 
barvicf  dobfe  vodou  oplakl.  Krmil  jsem  jimi  24  hodiny  ^tyfi  jedince, 
y\i  mSli  leskld  tSlesa  vyderpand  a  s  maximdlni  velikostf  2  Sestin  prfimSru 
jddra.  Po  24  hodindch  tito  jedinci  prohliieni  meli  v  tSle  plno  tSchto  jodem 
CervenS  se  barvfcich  zbytkfi  Skrobovych,  na  mnoze  bez  vakuol,  leskla  t6- 
lesa  pak  byla  naplnSna  obsahem  a  dosahovala  maximdlnl  velikosti  5  Sestin 
pr&m6ru  jadra.  Po  Sesti  dnech  prohliiel  jsem  znovu  tti  jedince  a  nalezl 
V  t61e  jejich  )ii  m^n6  tSchto  zbytkfi  Skrobov^ch,  jodem  je§t6  se  ^ervenfi 
barvlcich,  tSlesa  leskla  nebyla  patrnSji  zv6t§ena,  zust^vajlce  v  t62e  veli- 
kosti jako  po  24hodinnem  krmenf.  Z  tohoto  pokusu  nutno  tedy  souditi, 
ie  i  Cervend  modifikace  §krobov4  (zde  byla  ze  Skrobu  bramborov6ho)  jest 
v  tSle  Pelomyxy  ztravovana. 


Po  pokusech  se  Skrobem  v  pfldinfe  za2fv^nf  pfistoupil  jsem  k  pokusAm 
s  cellulosou.  P6stuje  Pelomyxu  ve  velke  nddob6,  shledal  jsem,  ie  je- 
dinci s  oblibou  se  zdrzovali  na  rozkl^dajfcfm  se  papfru  filtrovaclm  a  na 
bavlnS,  jei  do  nidoby  s  Pelomyxami  zumysln6  jsem  pfidal,  chtSje  tak  nd- 
podobiti  pom6ry  v  tfinfch  na  Ladvi,  v  nichi  plno  cellulosnfch  zbytkft  se 
nal^zd.  Prohllienim  tSchto  jedincfi  nalezl  jsem,  ie  t6lo  jejich  bylo  pfe- 
plneno  vldkny  cellulosnfmi,  tak  ie  potrava  v  t61e  se  nachdzejfcl  vzhledem 
k  nim  temSf  mizela.  Vedle  toho  m61i  tito  jedinci  v  sob6  plno  lesklych 
tSles,  naplnSny'ch  obsahem  a  obydejne  znaCn6  velkych.  Pojal  jsem  do- 
mSnku,  ie  tyto  pomSry  lesklych  t6les  jsou  v  pffdinn^m  spojeni  se  stravo- 
vdnfm  vldken  cellulosnfch   v  tSle  Pelomyxy   i  pfistoupil  jsem   k  pokusfim. 

Krmfme-li  jedince  Pelomyxy  vl^kny  cellulosnfmi  z  bavlny  chemicky 
flstd,  z  papfru  filtrovacfho,  nebo  z  dfevnf  cellulosy,  pozorujeme-li  pak  jedince 
po  delSf   dobs,  nalezneme,  ie  tfilo  jejich  jest  pfeplnSno  tSmito  vldkny,  na 
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nichi  v§ak  neni  iddn^ch  patrn6j§ich  stop  zmSny  nSjak^.  Zbarvfme-li  takovd 
vUkna  (pfed  krmenfm)  kongovou  derveni,  shleddme,  ie  v  t6le  jedincu 
kolem  n6kterych  vliken  objevujf  se  derven^  vakuoly,  co2  zfejm6  sv6d6i 
o  torn,  ie  vl^kna  ta  jsou  v  tSle  Pelomyxy  rozpou§t6na.  2e  jsou  i  ztravo- 
v^na,  o  torn  pfesv6d6iti  majf  pokusy,  jei  tuto  uv^dlm. 

1.  Jedinec  majicf  tdlesa  leskld  upln6  vyCerpand,  dosahiijicl  maxim^lne 
2  Sestin  prCimSru  j^dra,  krmeii  jest  v  dlouh6  nadobce  vlakny  cellulosnimi 
z  bavlny  a  papfru  filtrovacfho  po  8  dnf.  Pak  prohlfi^en  ukazuje,  ie 
tfilo  jest  pfeplnSno  vUkny  cellulosnimi  a  ie  t^lesa  leskU  jsou  naplnSna 
obsahem  dosahujfce  maxim^ln^  pfes  5  §estin  prfim^ru  jddra. 

2.  Jedinec  t6m6f  beze  zbytkfi  potravy  a  s  tSlesy  leskl]p^mi  upln6  vy- 
derpanyrai,  dosahujfcfmi  maximalnS  n6co  pfes  2  §estiny  prum6ru  jddra 
krmen  po  4  dny  v  dIouh6  nadobce  vldkny  cellulosnimi  z  chem.  Cist6  ba- 
vlny. Prohliien  pak  ukazuje,  ie  tfelo  jest  takfka  pfecpdno  vUkny  cellu- 
losnimi a  ie  leskl^  tSlesa  jsou  naplnSna  obsahem,  dosahujice  maximdln^ 
5  gestin  prflmSru  jidra. 

3.  Dva  jedinci  t6m€f  beze  zbytkfi  potravy  a  s  tfilesy  leskly'mi  liplnS 
vyderpan^mi,  dosahujicfmi  maximalnS  2  Sestin  pr^mSru  jddra,  krmeni 
V  dlouh^  nddobce  vldkny  cellulosnimi  z  chemicky  dst6  bavlny  po  24  ho- 
diny.  Pak  prohliieni  ukazuji,  ie  t6la  jejich  jsou  naplnSna  vWkny  cellulos- 
nimi a  ie  leskld  tdlesa  jsou  napln^na  obsahem,  dosahujice  maximdlnS  n^co 
pfes  3  Sestiny  pr^mSru  jadra. 

4.  Tfi  jedinci,  majici  leskl^  tSlesa  vyderpan^  a  dosahujici  maximdlnS 
2  Sestin  prfimSru  j^dra,  krmeni  jsou  po  24  hodiny  vldkny  cellulosnimi 
z  papiru  iiltrovaclho ;  na  to  prohliieni  ukazuji  v  tSle  plno  vl^ken  a  tSlesa 
leskl^  naplndnd  obsahem  a  dosahujici  max.  3  Sestin  prfimfiru  j^dra. 

5.  Jedinec  majici  tfelesa  leskld  nevy^Jerpand,  dosahujici  max.  3  Sestiny 
prfimSru  jddra,  krmen  jest  vldkny  cellulosnimi  z  chemicky  dstd  bavlny 
24  hodiny  v  dlouh6  nidobce,  ani2  tato  ddna  do  velk6  nldoby.  Hned  po 
24  hodindch  pozorovdn,  ukazuje  plno  vldken  v  tSle  a  t^lesa  leskld  zv6t§end, 
majici  maximdlnS  a2  pfes  pr^m^r  jddra. 

6.  Jedinec  velk^,  majici  t^lesa  leskld  vyCerpand,  dosahujici  maximdlnS 
2  Sestin  pr&mferu  jddra,  rozpCilen.  Jedna  pfilka  krmena  v  krdtke  nddobce, 
ponofen6  do  velk^  nddoby,  vldkny  cellulosnimi  z  chem.  Cist6  bavlny.  Druhd 
pulka  ddna  do  dlouh6  nddobky,  je2  vloi^ena  pobliz  kratk6  nddobky  do  velk^ 
nddoby,  kde  ponechdny  ob6  24  hodiny.  Potom  obS  prohliieny.  Pfilka 
krmend  vldkny  cellulosnimi  md  plno  techto  vldken  v  tSle  a  tSlesa  leskld 
naplnSnd  obsahem  a  dosahujici  maximdlnS  3  Sestin  prGmSru  jddra.  Pulka 
nekrmend  md  v  t6le  leskld  tfelesa  nezm^nSnd. 

7.  Dva  jedinci,  z  nichi  jeden  md  t^lesa  leskld  vy^erpand,  dosahujici 
maximdlnfe  2  Sestin  prfimSru  jddra,  druhy  leskld  tSlesa  iCdste6n6  jen  vy- 
derpand,  dosahujici  maximdlnS  3  Sestin  prfimeru  jddra,  jsou  rozpflleni.  Jedny 
pfilky  krmeny  vldkny  cellulosnimi  v  dlouhe  nddobce,  vlo2en6  do  velke  nddoby. 
Druh6  pftlky  ddny  do  jin^  nddobky,  jei  vloiena  na  blizku  prvni  do  velke  nddoby, 
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kde2  obS  ponechdny  po  24  hodiny.  Pak  oboje  pftlky  prohliJeny.  Pfilky 
krmen6  jevi  v  tSle  plno  vldken  cellulosnlch,  piilka  prvnfho  jedince  mA  t6- 
lesa  leskl^  napln^nd  obsahem  a  dosahujicf  3  §estin  prflm^ru  j^dra,  pulka 
druh6ho  jedince  mA  t^lesa  leskl4  napInSnd  obsahem  a  dosahujfcf  maxim. 
5  Sestin  prfim^ru  jddra.  Ob^  nekrmen^  pfilky  majf  tSlesa  leskU  nezm£n6na« 
jsou  v§ak  na  to  v  t6ie  dlouh6  nddobce  krmena  po  27  hodin  vldkny  cel- 
lulosnlmi  z  t6hoi  materi^Iu,  z  jak^ho  krmeny  prvnf  pfilky.  Po  krmenf 
ukazujf  ob6  pfilky  v  t6le  plno  vUken  a  pfilka  prvnlho  jedince  mi  t^lesa 
leskli  napln^nd  obsahem  a  dosahujfci  max.  3  §estin  prfimSru  jddra,  pfilka 
z  druh^ho  jedince  mi  t^lesa  leskli  napln^ni  obsahem  a  dosahujlci  max. 
5  Sestin  prfim^ru  jddra. 

8.  Dva  jedinci,  majicf  tSlesa  leskld  vyderpand  a  dosahujlci  maxim. 
2  Sestin  prfimSru  jddra,  krmeni  jsou  po  24  hodiny  vldkny  cellulosnCmi 
z  cellulosy  dfevnl.  Na  to  prohlfieni  ukazujf  v  tSle  plno  vliken  a  tfelesa 
leskld  napln^nd  obsahem  a  dosahujfcf  max.  3  §estin  prfim^ru  jddra.  Jsou 
pak  dile  krmeni  tymii^  vidkny  cellulosnfmi  7  dnf.  Pak  prohlfieni  ukazuji 
V  tfile  op6t  plno  vldken  a  plno  lesklych  tfeles  dosahujicfch  maximilnS 
12  Sestin  prfimferu  jidra. 

Z  vysledkfi  uvedenych  tu  pokusfi  nutno  vyvozovati,  ie  po  krmenf  cel- 
lulosou  jednak  leskld  tSlesa  vyderpand  naplftujf  se  obsahem  a  zvfitSujf  se, 
jednak  t^lesa  leskld  ji2  napln^nd  obsahem  se  zv^tSujf,  tudf2  ie  cellulosa 
jest  V  tSle  Pelomyxy  ztravovAna. 


Za  I'lCelem  v^zkumfi  zaiivAni  v  tSle  Pelomyxy  pok'isil  jsem  se  vpra- 
viti  do  t6la  Pelomyxy  t6i  ve  vodS  snadno  rozpustn^  uhlohydrdty,  zvl4§t6 
cukry  a  glykogen.  UCinil  jsem  ve  smSru  tom  fadu  pokusfi,  abych  mecha« 
nicky  tyto  uhlohydrdty  do  tSla  Pelomyxy  vpravil,  u2il  jsem  spodia,  bldnky 
kollodiov6  CO  obaln6  bldnky  a  j.  Pokusy  ty  v§ak  provizeny  byly  v^sledky 
neurCitymi,  pro6ei  upustil  jsem  od  dalSfho  jich  provdd6nf  i  zdokonalovdnf. 

Pfipadl  jsem  pak  na  my§16nku,  vpraviti  do  t^la  Pelomyxy  cukry 
spojen^  chemicky  s  nSjakou  indifferentni  Idtkou.  Za  tfm  udSelem  uchylil 
jsem  se  ku  glykosidfim  a  vybral  jsem  mezi  nimi  k  pokusfim  sv^m 
pfedevgfm  koniferin.  Vybral  jsem  jej  pfedpoklddaje,  ie  slo2ka  jeho 
s  cukrem  (glykosou)  spojend,  alkohol  koniferylovy,  bude  pro  t6lo  Pelo- 
myxy Ihostejnou.  Jinakzvolil  jsem  jej  i  pro  menSf  jeho  rozpustnost  vzhledem 
k  jinym  glykosidfim,  je2  by  se  byly  tei  bodily  k  pokusfim  mym. 

Krmenf  jedincfi  koniferinem  ddlo  se  v  uzkych  nddobkdch.  Do  nA- 
dobek  dina  voda  z  velk6  nadoby,  na  to  ponofen  na  kulat6  dno  jejf  jedi- 
nce, jeni  m6l  b^ti  krmen,  pfidany  krystalky  koniferinu  a  na  to  rychle  dina 
vrstva  indififerentnfho  humusu,  po  pfipadS  spodia,  timi  melo  b^ti  zvolnfino 
rozpouStSnf  koniferinu  do'  vody  nad  vrstvou  a  tim  spf§e  umoinSno,  aby 
krystalky   je§t^    nerozpu§t6n6    pfijaty   byly    do    t^la    Pelomyxy.     Nidobka 
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s  obsahem  takto  upraven^m  d^na  do  velk6  nddoby  a  ponech^na  tu 
ur6tou  dobu,  nadei  jedinec  vyfiat  a  prohliien.  Provedl  jsem  pak  s  jedinci 
takto  opatfen^mi  fadu  pokusfl,  z  nich2  iivddfm  n^sledujid. 

1.  Tfi  jedinci  s  tSlesy  lesklymi  vyderpan^mi,  kter6  u  dvou  maji  max. 
velikost  2  Sestin  pr&m6ru  j4dra,  u  tfetfho  pak  max.  velikost  27^  Sestiny 
prfimSru  jddra,  ponechdni  v  nddobce  s  koniferinem  24  hodiny.  Pak 
pozorov^ni  ukazujf,  ie  dva  nemaji  v  tSle  24dn6ho  koniferinu  a  leskld  t6- 
lesa  majf  nezm6n6nd,  tfeti  v§ak  ie  md  v  t6le  plno  krystalkfi  koniferinu  bud' 
bez  vakuol,  bud'  ve  vakuoldch,  leskla  t^lesa  jeho  ie  pak  jsou  napln^na 
obsahem  a  dosahuji  max.  velikosti  3  Sestin  prumSru  jddra.  Na  to  byl 
tento  jedinec  isolovdn  a  ponechdn  bez  potravy  ve  velk6  n4dob6  po  dalSi 
dva  dny.  Potom  prohHlen  ukazuje,  ie  v  tSle  nalezaji  se  je§t6  tetne  kry- 
stalky  koniferinu  vesmSs  ve  vakuol^ch  a  se  zfeteln;^mi  stopami  rozpouStfenf, 
vedle  nich  pak  tetn6  vakuoly  s  tekutym  obsahem.  Ddle  pak  ukazuje,  ie 
v  t§le  jsou  £etnd  t^lesa  leskld,  napln^nd  obsahem  a  dosahujici  maximdln^ 
5  Sestin  priim6ru  jddra.  Jedinec  tento  jest  jeStS  ddle  isolov^n  bez  potravy 
po  dalSfch  9  dnf.  Na  to  prohll2en  nemd  ji2  v  t^Ie  iidn^ch  stop  po  kry- 
stalcich  koniferinu,  a  leskla  t^lesa  jeho  jevf  se  umenSena  dosahujlce  maxi- 
mdlnS  4  Sestin  prfimSru  j^dra. 

2.  Dva  jedinci  majicf  leskU  tSlesa  tiplnfi  vy^Jerpani  a  dosahujfci  maxi- 
m^lnS  2  Sestin  prflmSru  j^dra  ponech^ni  jsou  v  nddobce  s  koniferinem 
24  hodiny.  Pak  prohliieni  ukazujf,  ie  tftlo  jejich  jest  t^mfif  pfecpAno 
krystalky  honiferinu  (bez  zf eteln^ch  vakuol)  a .  ie  tSlesa  lesklA  jsou  na- 
plnSna  obsahem  dosahujice  maximdlnfe  4  Sestin  prflmSru  jAdra.  Jedinci 
pak  jsou  ddle  isolovAni  bez  potravy  po  2  dny.  Potom  pozorovini  ukazujf, 
ie  tSlesa  leskld  jsou  napln^na  obsahem  a  majf  maximdlnf  velikost  5  §estin 
prum6ru  jddra.  Jeden  z  nich  md  v  tSle  ji2  m41o  krystalkfi  koniferinu 
(ve  vakuoldch),  druhy  je§t6  hojnfi  krystalkfi,  vesmSs  ve  vakuol4ch. 

3.  Jedinec  velik^,  majfcf  leskld  tSlesa  vyderpand  a  dosahujfci  maxim. 
2V2  §estiny  prfim^ru  jddra,  jest  rozpfilen.  Jedna  pfilka  nechdna  v  uzk6 
nddobce  s  koniferinem  a  humusem  24  hodiny,  naCei  isolovdna  do 
dIouh6  nadobky  a  ponechdna  v  nl  2  dny  bez  potravy.  Druha  pfilka 
ddna  do  dlouh6  nddobky  bez  koniferinu,  pouze  s  humusem  z  t6ho2  materidlu 
jako  humus  v  fizk6  nddobce.  NAdobka  s  touto  pfilkou  vlo2ena  do  velk6 
n^doby  a  ponechdna  nejprve  vedle  uzk6  nddobky  s  isolovanou  prvnl  pfilkou 
a  s  koniferinem  24  hodiny,  pak  vedle  dlouh^  nddobky  s  isolovanou  prvnf 
pfilkou  2  dny.  Pak  ob6  pfilky  prohlfieny. 

Prvni  pfilka  md  v  t6le  jen  nepatrn6  zbytky  potravy,  za  to  v§ak  kry- 
stalky koniferinu,  vesmSs  ve  vakuoldch,  ddle  vakuoly  s  tekutym  obsahem 
a  jin6  s  tekutym  obsahem  a  se  zrnitymi  shluky.  T6lesa  leskld  pak  naplnSna 
jsou  obsahem  a  dosahuji  maximdlni  velikosti  5  sestin  prfimferu  jddra.  Druhd 
pfilka  za  isolace  rozdfilila  se  na  dvS  samostatn6  Cdsti ;  ob&  v§ak  jsou  bez 
potravy,  chovajf  jen  n6co  humusu  v  tSle  a  jejich  leskld  t^lesa  jsou  ne- 
zmSnena.  —  (Sr.  tab.  II.,  fig.  23.) 
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4.  Jedinec  velik^  t6m6f  bez  stopy  potravy  a  majicf  tSlesa  leskl^  vy- 
derpand  a  dosahujicf  maximdln^  velikosti  pr(!im^ru  jddra  rozd^Ien  jest  na 
4  ddsti  Dv6  ddny  do  6zk6  nddobky  s  koniferinem  a  s  prdSkem  spodiovym, 
druh6  dv6  do  jin6  iizk6  nddobky  pouze  s  prdSkem  spodiovy^m,  obS  pak 
nddobky  ponechdny  vedle  sebe  ve  velk6  nddob6  24  hodiny.  Prohliieny 
pak  ukazuji  prvnl  dv6  Cdsti,  ie  v  t6le  jejich  jest  jen  nfico  ^dstedek  spodio- 
v]^ch,  za  to  ohromn^  mnoistvf  krystalkfi  koniferinu  vesm6s  ve  vakuoldch, 
kromfe  toho  pak  mnoistvf  tSles  leskl^ch,  naplnSnych  obsahem  a  dosahujicich 
maxim^ln^  8  Sestin  pr(im6ru  jddra.  Drub  6  dv£  t&sti  prub^hem  24  hodin 
splynuly  v  jedno  tfeleso,  jei  prohli^eno  po  24  hodin^ch  ukazuje,  ie  ob- 
sahuje  nSco  diistedek  spodiov^ch  a  ie  t^lesa  leskld  jsou  nezm6n6na. 

5.  Jedinec  veliky  m^  nepatrn6  zbytky  potravy  a  t6lesa  leskld  ne- 
vyierpand,  dosahujicf  maximdlnS  vice  ne2  2  Sestiny  pri!im6ru  jddra.  Jest 
rozpfilen.  Jedna  pAlka  ddna  do  uzk6  n^dobky  s  koniferinem  a  humusem, 
druh^  do  dlouh6  nddobky  s  humusem  z  t^ho2  materi^Iu  jako  v  nddobce 
iizk6,  ob6  pak  nddobky  ponechdny  ve  velk^  nddob6  vedle  sebe  24  ho- 
diny. Ob6  pCilky  potom  prohlfieny. 

Prvni  mk  v  t6le  mno2stvi  krystalku  koniferinu  (bez  zfetelnych  vakuol) 
a  leskld  tfelesa  zv6t§end,  dosahujfci  maximdlnS  4  Sestin  prfimfiru  jddra. 
Druh^  pCilka  ma  v  t61e  n^co  humusu  a  potravy  z  humusu  vzat6,  t^lesa 
leskld  pak  jevi  tu  maximdinf  velikost  skoro  3  Scstin  prfim^ru  jddra.  Ob^ 
piilky  pak  isolovdny  bez  potravy  do  dlouh^  n^dobky,  kterd  ponech^na 
ve  velk6  nadobS  dva  dny.  Potom  op6t  prohliieny.  Prvnl  pfllka  m&  je§t6 
bojn^  krystalkfi  koniferinu^  vesm^s  ve  vakuoldch,  a  t^lesa  leskld  dosahujicf 
maximdlnS  5  Sestin  prfimSru  jddra.  Druhi  pulka  md  v  t^Ie  n6co  humusu 
a  vI4ken  bavln^n^ch  a  ukazuje  t^lesa  leskld  nezm^n^n^. 

6.  Veliky  jedinec  md  tSlesa  lesklA  upln6  vy^erpand  o  dvoji  velikosti : 
jedna  majl  max.  velikost  2V»  §estiny  prflmSru  jddra  a  druhd,  jich2  jest 
m6n6,  maji  maximdlni  velikost  prumfiru  jddra.  Jedinec  pak  rozpulen.  Jedna 
pfllka  ddna  do  nddobky  s  koniferinem  a  s  humusem,  druhi  do  jin6  uzke 
nddobky  s  humusem  z  t6hoi  aiateridlu  jako  v  nddobce  prvni.  Obfe  ni- 
dobky  ponechdny  vedle  sebe  ve  velk^  nddob6  24  hodiny.  Pak  obfe 
pCilky  prohliieny.  Prvnl  jest  t^m6f  pfecpdna  krystalky  koniferinu  a  md 
tSlesa  leskld  vesm6s  napln^nd  obsahem,  jedna  dosahuji  max.  velikosti 
3  Sestin  prfimSru  jddra,  druhd  (jichz  jest  m6n6)  dosahuji  maximdlnf  ve- 
likosti nad  prfimSr  jddra.  Druhd  pfilka  md  v  tSle  jen  stopy  potravy  z  hu- 
musu vzate  a  tSlesa  leskld  nezmSnSnd.  (Sr.  tab.  II.,  fig.  24.) 

Z  vysledkfi  uvedenych  pokusu  vysvitd,  ie  po  krmenl  koniferinem 
vyderpand  tSlesa  leskld  v  tSIe  Pelomyxy  naplftuji  se  obsahem  a  zvStSujl  se 
a  ie  t^lesa  leskld  obsahem  ji2  naplnSnd  se  zv6t§uji.  Z  toho  nutno  ddle 
souditi,  ie  koniferin  jest  v  t6le  Pelomyxy  za^ivdn,  ie  deje  se  tu,  jak  pravd6 
podobno,  pfisobenlm  emulsinu  podobn^ho  enzymu,  rozstfepeni  koniferinu  na 
alkohol  koniferylovy  pro  Pelomyxu  indifferentnl  a  na  glykosu,  jei  vstfebd- 
vdna  jest  v  plasma  Pelomyxy  a  promSfiovdna  v  glykogen. 
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B)  Ldtky  bilkovit^  a  glykogen, 

ZkouSel  jsem  fadu  lAtek  bilkovit^ch,  je2  vpravoval  jsem  do  t6la  Pelo- 
myxy,  abych  vySetfiti  mohl,  maji-li  nSjaky  vliv  na  tvofenf  se  tSles 
lesklych.  Uvedu  pokusy  ty  a  v^sledky  jejich  podle  Idtek,  je2  jsem 
zkouSel. 

1.  Albumin  vaje^ny,  sraien^  (horkem).  Proved!  jsem  dlouhou 
fadu  pokusfi,  krmil  jsem  jedince  rozprdSkovanym  albuminem  24  hodiny 
i  delSi  dobu,  prohli4el  je  po  24  hodin^ch  i  po  delSl  dobS,  nalezl  jsem 
pak,  2e  (Justice  albuminu  jsou  hojnS  do  t61a  jedincfi  pfijfmdny.  Tvoff  se 
kolem  nich  vakuoly,  jsou  na  nich  patrn6  stopy  rozpou§t6ni  a  umenSov^nf, 
Ieskl4  tyesa  vSak  zfistdvaji  pfi  tom  nezmSnSna.  Z  pokusfi,  provdzenych 
vesmSs  stejn^'m  v^sledkem,  uvddim  ndsledujici. 

a)  Jedinec  majlci  leskld  t^lesa  vy^erpand,  dosahujicf  max.  3  Sestin 
prum^ru  jddra,  krmen  albuminem  24  hodiny.  Pak  prohlf2en,  jevl  v  tSle 
plno  albuminn,  v§ak  leskld  tSlesa  jsou  nezmen^na. 

b)  Jedinec  velk^,  majicf  leskld  tSlesa  vyfierpand  a  dosahujfcl  max. 
2  Sestin  prflmferu  jddra,  krmen  albuminem  48  hodin.  Pak  prohli^en 
ukazuje  plno  albuminu,  na  mnoze  ve  vakuoldch,  leskld  t^lesa  v§ak  jsou  u  n6ho 
nezm^n^na.  Je  ddle  isolovdn  a  ponechdn  bez  jin6  potravy  p6t  dni.  Pak 
prohllien  ukazuje  v  t6le  detn6  velik6  vakuoly  se  zbytky  albuminu,  v§ak 
t6lesa  leskU  jsou  u  neho  nezm^n^na. 

c)  Jedinec  majfcf  leskld  tfelesa  vyCerpand,  dosahujici  max.  2  Sestin 
prQm^ru  jddra,  krmen  jest  albuminem  8  dnf.  Pak  prohlfiien  ukazuje 
albumin  ve  vakuoldch,  leskld  tSlesa  vSak  nezm6n6n4.  Jest  krmen  potom 
24  hodiny  Skrobem  i  md  po  krmeni  leskld  tSlesa  zv6t§end,  dosahujici 
max.  5  Sestin  prfimferu  jddra. 

d)  Dva  jedinci  krmeni  albuminem  24  hodiny  a  pak  isolovdni  (bez 
potravy)  24  hodiny.  Potom  prohliJeni  ukazujl  v  t61e  ^dstice  albuminu, 
v§ak  leskld  t^lesa  jsou  u  nich  nezm^n^na.  Jsou  ddle  isolovdni  (bez  po- 
travy) 10  dni.  Pak  prohliieni  ukazuji  v  t61e  ^dstice  albuminu  ve  vakuoldch, 
vSak  leskld  t^lesa  jsou  nezmSn^na. 

2.  Globulin  krystallovan^  (ze  zdvodu  Griiblerova).  Pokus 
s  globulinem  timto  ukazuje  stejn^  v^sledek  jako  pokusy  s  albuminem. 
Uvddim  jej  tuto.  P6t  jedincfl,  z  nichi  dva  velicf  a  tfi  mail,  maji  leskld 
t^lesa  vyderpand,  dosahujici  maximdlnS  jednak  2,  jednak  3  Sestin  prumdru 
jddra.  Krmeni  24  hodiny  globulinem  a  pak  prohli^eni.  Ukazuji,  2e 
prfibfihem  24  hodin  dva  velci  se  spojili,  vSichni  pak  maji  v  tSle  plno  kry- 
stalkfi  globulinu,  v§ak  leskld  tSlesa  jsou  nezmSnSna.  Jsou  ddle  isolovdni 
s  trochou  humusu  4  dny.  Pak  prohliieni  ukazuji  v  tSle  plno  krystalkfi 
globulinu,  jinak  t6m6f  2ddnou  potravu ;  leskld  tSlesa  jsou  u  nich  ne- 
zmSnSna.  Jsou  ddle  isolovdni  10  dnfi.  Pak  tfi  z  nich  prohli2eni,  i  ukazuji 
V  t6le  plno  krystalku  globulinu,  vesmSs  ve  vakuoldch  a  s  patrnymi  stopami 
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rozpouStfinf,  jevicfmi  se  na  otupenych  hran4ch  a  vy2ranych  plochach.  Telesa 
leskla  zfistdvaji  pfi  torn  nezmSnSna. 

3.  Fibrin.  Pokus  s  fibrinem  jevi  stejn^  vysledek  jako  s  albuminem 
a  s  globulinem.  Uvddfm  jej  tuto.  Ctyfi  jedinci  majfcl  lesklA  telesa  vyderpan^, 
dosahujfcl  V/^  Sestiny  prCimSru  jddra,  krmeni  jsou  24  hodiny  rozpriSko- 
vanym  fibrinem.  Pak  prohlii^eni  ukazuji  v  t6le  hodn6  Cystic  fibrinovych, 
^dsteCne  ve  vakuoUch,  leskld  t^Iesa  jsou  v§ak  u  nich  nezm6n6na.  Jsou 
ddle  isolovdni  5  dni,  na6ei  jeden  z  nich  prohliien  jevf  v  tSle  (J^steCky 
fibrinov6,  v§ak  lesklA  tSlesa  zftstdvajl  nezmSnSna.  Jedinci  jsou  ddle  isolov4ni 
7  dnL  Pak  jeden  z  nich  prohlf^en  ukazuje  v  tSle  jii  mdlo  ^^stedek 
fibrinovych  a  leskld  tSlesa  nezmSnSnA. 

4.  Kasein.  Pokusy  s  kaseinem  majf  tyi  vysledek  jako  pokusy 
s  uveden^mi  ji2  Idtkami  bilkovitymi.  Uvedu  z  nich  tento  pokus.  NSkolik 
jedincfi  majlcich  leskld  telesa  vyCerpand  a  dosahujlclch  1 V^  Sestiny  prflmSru 
jddra  krmeno  jest  kaseinem  24  hodiny.  Pak  n^ktefi  prohliieni  uka- 
zujf  V  t6le  tetn6  6§iSte6ky  kaseinu,  vesm6s  ve  vakuoldch,  v§ak  leskld  tfeiesa 
jsou  u  nich  nezmSnSna.  Potom  krmeni  jsou  jedinci  ddle  kaseinem  4  dny, 
nade2  prohlf2eni  jsou  dva  jedinci;  majf  v  t6le  ddste^ky  kaseinov^  ve  va- 
kuoldch,  v§ak  leskld  tfilesa  jsou  nezmfen^na.  Jeden  z  tfechto  dvou  jedincu 
krmen  jest  24  hodiny  Skrobem  i  ukazuje  po  krmenf  leskld  tSlesa  na- 
plnSnd  obsahem  a  dosahujfcl  maximdln6  5  Sestin  prfimSru  jddra.  Ostatnf 
jedinci  krmeni  ddle  kaseinem  7  dnf  Pak  jeden  z  nich  prohlf2en  ma 
v  t6le  mdlo  CdsteCek  kaseinovych  ve  vakuoldch  a  leskld  telesa  nezmSnSnd. 
Jedinci  dale  jsou  je§t6  krmeni  kaseinem  5  dnf.  Jeden  z  nich  pak  pro- 
hlf^en,  i  ukazuje  v  t6le  dJdstedky  kaseinu  (ve  vakuoldch),  leskld  telesa  jsou 
v§ak  u  n6ho  nezmSnSna. 

5.  N  u  c  1  e  i  n  (ze  zdvodu  Griiblerova).  Pokusy  s  nucleinem  majf  rovn^i 
tfi  vysledek  jako  pfede§l^.  Uvedu  z  nich  ndsledujfcf.  Tfi  jedinci  majfcf 
leskld  tSlesa  vy^erpand  a  dosahujfcf  2  Sestin  priimSru  jddra  krmeni  jsou 
24  hodiny  nucleinem.  Na  to  prohlfieni  ukazujf  v  t6le  plno  nucleinovych 
zrnek  a  v6t§fch  ^dstic,  v§ak  leskld  telesa  jsou  nezm6n6na.  Jedinci  pak 
krmeni  jsou  ddle  nucleinem  8  dnf.  Pak  jeden  prohli2en  ukazuje  v  t6le 
plno  zrnek  nucleinovych  a  v6t§f  (idstice  nucleinov^  cdstednS  ve  vakuoldch ; 
leskld  tfelesa  jsou  u  ndho  nezm6n6na. 

6.  Gel  a  tin  a.  Gelatina  rozpu§t6na  v  hork^  vod6  a  sraiena  kys. 
tfislovou.  CdsteCkami  tfemito  krmeni  jsou  24  hodiny  tfi  jedinci,  z  nichi 
dva  vet5i  majf  telesa  leskld  plnd,  dosahujfcf  maximdlnS  3  Sestin  prfimSni 
jddra,  tfetf  (menSf)  ma  tSlesa  leskld  dosahujfcf  max.  4  Sestin  prfimeru 
jddra.  Po  krmenf  prohlf^eni  ukazuji  jedinci  ddste^ky  gelatiny  skoro  vesm6s 
bcz  vakuol;  leskld  tSlesa  jsou  u  nich  nezmSnSna.  Jsou  ddle  isolovdni 
s  humusem  4  dny.  Pak  prohliieni  ukazuji  dva  (JdsteCky  gelatiny  na- 
^ervenal6,  vStSinou  ve  vakuoldch,  a  leskld  t6lesa  nezmSn^nd,  tfetf  md  Cd- 
sted^ky  gelatinov^  ve  vakuoldch  a  plno  humusu,  tak  ie  nelze  s  jistotou 
ur6ti    pom6ry   leskl^ch   tSles.     Potom   jedinci   ddle  isolovdni  6  dnf,    na6ei, 
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dva  prohll2eni  ukazuji  v  tdle  6^ste6ky  gelatinov^  vesmSs  ve  vakuoldch 
a  leskla  tSIesa  nezmSnSna.  Je§t6  ddle  jsou  isolov^ni  s  humusem  16  dnl, 
nsitei  nalezen  jen  jeden  jedinec,  jeni  md  v  tdle  ji2  jen  maly  podet 
gelatinov^ch  CasteCek  na  mnoze  velmi  umen§en^ch  a  vesmfis  ve  va- 
kuoldch;  leskld  tfilesa  jsou  u  n6ho  nezmSnfina.  Tento  jedinec  pak 
dile  isolovdn  s  humusem,  v  n6m2  byla  obsa2ena  r&znd  potrava.  Prohlfien 
po  15  dnech  ukazuje,  ie  v  tSle  nenf  iAdn^ch  stop  po  gelatinovych  dSasticfch, 
za  to  v§ak  plno  rfizn^  potravy,  jeho  leskld  tfelesa  jsou  zv6t§ena,  dosahujfce 
maximdlnS  velikosti  pri&m6ru  jadra.  Jedinec  tento  krmen  je§t6  24  hodiny 
Skrobem  pSenidin^m  i  ukazuje  po  krmenf  tSlesa  leskld  zv6t§end,  dosahujicf 
maximdlnfe  8  Sestin  prflmSru  jddra. 


Uveden6  pokusy  s  Idtkami  bflkovit^mi  ukazuji,  ie  krmf-li  se  jimi 
24  hodiny  neb  i  delSi  dobu,  leskld  tSlesa  v  t61e  Pelomyxy  se  nem^ni, 
zvl4§t6  ie  nehaplfiujl  se  obsahem  a  nezvStSuji  se.  Z  pokusfi  nelze  je§t6 
dovozovati,  ie  po  krmeni  Idtkami  bllkovit^mi  netvoff  se  glykogen  v  tfele 
Pelomyxy,  nybri^  jen  tolik  Ize  tvrditi,  ie  po  krmeni  Idtkami  bilkovit^mi 
trvajicfm  24  hodiny  i  delSi  dobu  nehromadl  se  glykogen  ve  vyderpanych 
tSlesech  leskl^ch. 


Kdy2  jsem  zjistil,  ie  albumin  sraien^  horkem  nezpGsobuje  v  t6le 
Pelomyxy  po  24  hodindch  i  po  delSi  dobS  hromadSnf  se  obsahu  ve  vy- 
Cerpanych  tSlesech  leskl^ch,  pokusil  jsem  se  vpraviti  do  tSla  Pelomyxy 
glykogen  obsaien^  ve  sra2en6m  albuminu,  abych  mohl  vySetfiti,  na- 
nastanou-li  v  tomto  pf lpad6  zmSny  na  vy^erpan;^ch  tSlesech  lesklych.  V  bflku 
vaje^n6m  rozpustil  jsem  velk^  mno2stvl  glykogenu,  pak  jsem  bflek  horkem 
srazil,  nechal  vyschnouti  a  rozprdSkoval.  Takto  upraven^ho  bflku  u2il  jsem 
k  ndsledujlcim  dvSma  pokusiim. 

1.  Velky  jedinec  majicf  tSlesa  leskU  vy^erpana  a  dosahujici  maxi- 
mdlnS  n6co  pfes  prflmSr  jddra  jest  rozpCilen.  Prvni  p^lka  krmena  v  tizk^ 
nddobce  bflkem  s  glykogenem,  druhd  pfilka  v  jin6  uzk6  nddobce  bilkem  bez 
glykogenu;  ob6  nddobky  ponechdny  24  hodiny  vedle  sebe  v  n4dob6 
velk6,  nadei  ob6  pfllky  jsou  prohllieny.  I  ukazuje  prvni  pulka,  ie  v  t6le 
jest  plno  ^dste^ek  bilku,  leskld  tSlesa  jsou  pak  napln^na  obsahem  a 
zv6t§ena  dosahujlce  maximdlnS  dvojndsobn^ho  prum6ru  jadra.  Druhd  pfllka 
jevf  v  tSle  Town^i  plno  ^dstedek  bilku,  v§ak  t^lesa  leskld  jsou  nezm6n6na. 
(Sr.  tab.  II.,  fig.  25.) 

2.  Jedinec,  jen2  m6l  plnd  a  velkd  tSlesa  leskU,  byl  del§l  dobu 
isolovdn  za  nedostatku  potravy,  a2  ukazuje  tSlesa  leskld  upln6  vy^erpand, 
dosahujici  maximdlnS  nSco  pfes  prfim^r  jddra.  Na  to  jest  rozpiilen.  Prvnf 
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pfilka  krmena  Jest  v  uzk^  nAdobce  bilkem  s  glykogenem,  druhd  pfilka 
V  jin6  uzk6  n^dobce  bilkem  bez  glykogenu,  v§ak  poch^zejicim  z  t6ho2 
materidlu  jako  bflek  s  glykogenem.  Ob6  nddobky  ponech^ny  pak  vedle 
sebe  24  hodiny  ve  velk6  n^dob^,  natei  ob6  pfllky  prohHieny.  Prvnf 
pfllka  t6m$f  pfeplnSna  jest  ddsteCkami  bflku,  ukazujfc  tSlesa  leskU  na- 
pln6nd  obsahem  a  zv6t§end  maximdlnS  na  8  Sestin  prfim^ru  jddra.  Jodem 
ukazuji  tSlesa  leskld  tot6i  zbarvenf  jako  glykogen,  jen4  bflkem  byl  do  tfila 
vpraven.  Druh^  pfilka  ukazuje  v  tSle  rovnSi  plno  (Jdstedek  bllku,  v§ak  tSlesa 
leskld  jsou  tu  nezmSnfena. 


Z  vi^sledku  obou  pokusfl  musime  souditi,  ie  glykogen  s  bilkem  v  t61o 
Pelomyxy  vpraven^  jest  za2fvdn  a  ukl^ddn  v  podobS  obsahu  do  vyderpa- 
nych  tfeles  lesklych. 

C)   Tuky, 

Udinil  jsem  fadu  pokusu,  jimii  snaiil  jsem  se  zjistiti  chovdni  se  tuku 

V  tSle  Pelomyxy  vzhledem  k  tSlesflm  leskl^m.  Pokusy  ty  n^IeJeji  k  po- 
kusum  velmi  obtfin^m,  pon6vad2  tukove  kapky  vpravujf  se  do  tSla  Pelo- 
myxy V  dostate^n^m  mnoistvi  velmi  nesnadno. 

Po  zkouSkdch  s  riiznymi  tuky  u2fval  jsem  k  rozhodujfcim  pokusflm 
tuku  V  ml^ce  obsa2en6ho  a  tuku  rybfho.  Z  tuku  rybiho  udinil  jsem  emulsi 

V  bllku  vajedn^m,  tento  srazil  horkem,  nechal  pak  vyschnouti  a  rozstrouhal 
na  prdSek,  jim2  krmil  jsem  pokusne  jedince.  Pokusy  s  tukem  ml^^n^m 
prov^d6l  jsem  timto  zpfisobem :  Do  nddobek  pokusnych,  naplnfenych  vodou, 
dal  jsem  jedince,  k  nim  na  dno  opatrn6  vpravil  pipetou  nSkolik  kapek 
ml^ka,  naCe2  rychle  jsem  pfidal  k  tomu  n6co  humusu  (neobsahujldho 
iAdn6  temSf  potravy),  timi  docflil  jsem,  ie  kapky  tukov^  byly  na  mnoze 
humusem  zadr^eny  a  tfm  umoinfeno,  ie  mohly  b^ti  snadnSji  (s  humusem) 
pfijaty  do  t61a  Pelomyxy.  Z  pokusu  uvddlm  ndsledujfci: 

1.  Tfi  jedinci  majici  lesklA  tSlesa  vyCerpand,  dosahujfcl  maximdlnS 
2  Sestin  prumSru  jddra,  krmeni  jsou  v  uzk6  nddobce  tukem  mledn^m 
24  hodiny,  naCe2  prohliieni  ukazuji,  ie  v  tSle  jest  plno  humusu  a  kapek 
tukov^ch,  v§ak  leskU  tSlesa  v  nich  jsou  nezmSnSna. 

2.  Ze  §esti  jedincu  s  t^lesy  vy^erpanymi  dosahujlcimi  max.  2  §estin 
prfim6ru  jddra,    krmeni   jsou    tukem    ml6Cnym    tfi   v  uzke   nddobce   a  tfi 

V  dlouhe  nddobce  24  hodiny,  naCe2  prohlf2eni  ukazuji,  ie  v  tele  jejich 
jest  plno  humusu  a  kapek  tukovych,  ie  v§ak  leskld  t^lesa  jejich  jsou  ne- 
zmen^na.  Tfi  z  nich  ddle  byli  isolovdni,  i  shleddno  pfi  dalSfm  prohllienf, 
ie  vypustili  z  t6la  humus  a  podr^eli  v  nSm  jen  d^etn6  kapky  tukov^.  De- 
s4t6ho  dne  isolace  jsou  znovu  prohlf^eni,  i  majf  v  tSle  jen  mdlo  kapek 
tukovi^ch;  leskld  tSlesa  jsou  nejen  vy^erpdna,  r^fhri  u  dvou  jedincfi 
jsou  speCena  ve  skupiny  (agglutinovdna).    Pak  byli  jedinci  op6tn6  krmeni 
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24  hodiny  tukem  mI6dn^m.  Po  krmeni  ukazovali  v  t61e  mnoho  humusu  a 
kapek  tukovych,  vSak  leskld  tSlesa  byla  v  nich  nezmSnfena.  Jedinci 
d^le  isolovdni  po  dtyry  dny,  pfi  6emi  jeden  z  nich  zahynul.  Ostatnl  dva 
prohliieni  dtvrt^ho  dne  neukazujl  v  t61e  ji2  2^dn6  stopy  po  kapk^ch  tu- 
kovych; jsou  pak  24  hodiny  krmeni  tukem  ml6(Jnym.  Pfi  krmenf  jeden 
zahynul,  druh^  po  krmeni  prohlfiSen  ukazuje  v  t61e  mdlo  kapek  tukovych 
a  md  tSlesa  leskld  nezm^nSna. 

3.  Tfi  jedinci,  majlci  iesklA  tSlesa  vyderpand,  dosahujlci  maximAhife 
2Yj  Sestiny  prfimSru  jddra,  krmeni  jsou  24  hodiny  tukem  rybfm  ve  sra- 
zen6m  bilku.  Prohliieni  pak  ukazuji,  ie  v  tSle  jest  plno  ddstedek  bflko- 
v^ch  s  kapkami  tukov^mi  a  t6i  samotn6  kapky  tukov6,  leskli  t^lesa  vSak 
jsou  u  nich  nezm6n6na.  Jsou  isolovdni  pfes  den  a  ukazujf  potom  v  t61e 
hodnS  fiistedek  bflkov;^ch  s  kapkami  tukov^mi  i  samotn^  kapky  tukov6, 
obojf  na  mnoze  ve  vakuoldch;  tfelesa  leskld  jsou  v§ak  u  nich  nezmSnSna. 
Pak  jsou  jedinci  ddle  jeStS  krmeni  8  dnf.  Potom  prohlfieni  ukazujf  dva 
v  tSle  hojnS,  tfetf  m6n6  hojnS  Cdste^ek  bilkovych  s  kapkami  tukov^mi 
a  samotnc^  kapky  tukov6;  leskld  tSlesa  jsou  u  nich  nezm^nSna. 


Pokusy  tyto  sv6d^i  o  tom,  ie  po  krmenf  24hodinn6m  i  del§f  dobu 
trvajfcfm  tukem  ml6dnym  neb  rybfm  nedSje  se  v  tale  Pelomyxy  hromadfenf 
obsahu  (glykogenu)  ve  vyderpan^ch  tSlesech  lesklych. 


Zdvirek. 

Zjistil  jsem,  ie  tSlesa  leskld  v  tfele  Pelomyxy  se  nal^zajfcf  sklddajf  se 
z  obsahu,  jen2  jest  glykogenem,  a  z  bldny  obaln6,  je2  jest  t62ko  rozpustnym 
uhlohydr^tem.  Zjistil  jsem  t6i,  ie  glykogen  hromadf  se  v  tfilesech  lesklych 
po  hojn^m  krmenf  potravou  uhlohydrdtovou  neb  uhlohydr^t  obsahujfcf 
(Skrobem,  jeho  rflznymi  modifikacemi,  glykogenem,  cellulosou  a  koniferinem). 
KonednS  zjistil  jsem,  ie  glykogen  jsa  Idtkou  iivnou,  v  nii  ulo2ena  jest 
energie  potenci^lnA,  pro  d6je  iivotnf  upotfebitelnd,  jest  za  nedostatku  po- 
travy  z  tSles  lesklych  vydierpdvdn  ai  do  upln^ho  vymizenf  a  ie  toto  ubyvdnf 
glykogenu  provdzeno  jest  ubyvdnfm  dfije  iivotnfho  pohybem  vyj4dfen6ho. 

Myslfm,  ie  glykogen  tvoff  se  v  t6le  Pelomyxy,  zvldStS  aspoft  tehdy, 
kdy2  hromadf  se  v  leskych  tSlesech,  pffmo  promSnou  z  potravy  uhlo- 
hydr^tov^  neb  uhlohydr^ty  obsahujfcf  a  nikoliv  od§t6povdnfm  z  plasmatu, 
i  myslfm,  ie  podporou  domnSnky  t6to  jsou  pozorovdnf  a  pokusy  m6  v  t6to 
prdci  uveden6. 

Ze  zpflsobu  tvof enf  se  lesklych  tSles  mo2no  vylo^iti  t6i  odchyln^  tvary 
tales  leskly^ch.  Tak  tvary  piSkotovit^  povst^vajf  asi  Cdstednym  splynutfm 
dvou  na  blfzku  povstalych  tales,  tvary  nepravideln^  asi  splynutfm  a4stedn;^m 
v6t§lho  podtu  na  blfzku  povstalych  tales.  Na  z^klada  pozorovdnf,  ie  v  plasmata 
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Pelomyxy  objevuji  se  dasem  leskld  tSlesa  s  blanou  protr2enou  a  jinak  po- 
ruSenou,  soudlm,  ie  blAna  obalnd  nezflst^vd  trvale  v  dinnosti  a  ie  po  delSi 
dob^  dinnosti  sv6  podrobena  jest  zkdze,  6imi  jest  i  d^na  zkdza  tSlesa,  k  n^mui 
n41e2i.  Soudim  pak  ddle,  ie  takto  zaniki^  t^lesa  nahrazov^na  jsou  nov]p^mi. 
Myslfm,  ie  pfi  hojn6  potrav6  dSje  se  stdle  tvofenl  nov^ch  tfeles.  Sv6dd 
o  torn  ukaz,  ze  pfi  hojn^m  krmeni  jedincfl  Pelomyxy  nal6zal  jsem  v  t6le 
jejich  vedle  naplnSnych  star]^ch  lesklych  t^les  tSlesa  leskld  nejmenSl  veli- 
kosti,  jich2  pfftomnost  nemohia  se  pfed  krmenim  zjistiti,  o  nich2  musim 
tudii  souditi,  ie  se  utvofila  teprve  prftbShem  zaifvdnf. 

R.  Greeff,  zaslou2ily  badatel  v  oboru  prvokfi,  jen2  Pelomyxu  objevil 
a  dfikladnS  popsal,*)  pova^uje  leskld  tfilesa  za  spory  Pelomyxy  i  domniva 
se  o  nich,  ie  pochdzejl  ze  zvlAStnich  t6les  v  jddfe  Pelomyxy  se  vyskjrtu- 
jfcfch.  Tato  tSlesa,  kulovit^,  leskld  a  pln^,  m6nf  se  za  zvStSov^nf  objemu 
j4dra  V  tSlesa  s  dvojitou  konturou,  kterAi  protr2enfm  bldny  jadern6  ven  do 
plasmatu  se  dostdvajl  a  zde  lesklymi  tfelesy  se  st^vajf.  Domnfenku  Greef- 
fovu  o  vyznamu  lesklych  tfeles  vyvracf  tuto  uvedend  pozorovdnf  md  i  po- 
kusy.  m6,  Tak6  jeho  domnfenku  o  pfivodu  t^les  lesklych  jest  mi  po- 
va2ovati  za  mylnou.  Jak  Greeff  uk4zal,  vyskytujf  se  v  jddfe  zvldStnl  tfelesa 
kulovitd,  bledS  leskl5,  nezbarvend  a  neprfihlednd.  Velikosti  jsou  ruzn^, 
B^vajf  nezfetelnA  a  nalezajf  se  v  j^dfe  ve  vStSim  podtu,  neb  jsou  patrna, 
zna^nSjSf  velikosti  a  v  menSim  poatu,  konednS  —  to  pozoroval  jsem  u  je- 
dincu  vyhladov6l;^ch  —  dosahujf  i  extremni  velikosti  a2  2  Y,  Sestiny  prfim6ru 
jddra  a  poCet  jich  v  j^dfe  miiie  byti  umenSen  az  na  jedno. 

V  kyselinfe  octov6,  jak  ji2  Greeff  ukdzal,  jsou  tSlesa  tato  rozpustna, 
rown^i  v  kys.  solne  a  dusidn^.  Myslfm,  ie  tfelesa  s  dvojitou  konturou 
Greeffem  pozorovan^  a  uvAdSn4  v  souvislost  s  popsan^mi  pr^vS  tSlesy, 
byla  vyaerpand  t^lesa  leskld  menSich  rozmSru  a  ie  pozorovdnf  jeho  spoai- 
valo  na  omylu,  jen2  vznikl  tfm,  ie  vyaerpand  leskld  tfilesa  s  jddrem 
agglutinovand  vyklddal,  jako  by  se  nal6zala  uvnitf  jddra.  Ie  t6lesa  v  jddfe 
Pelomyxy  se  nalezajfci  riiznf  se  od  tSles  lesklych,  zvld§t6  od  vyaerpa- 
n^ch  tSles  lesklych,  o  torn  svSdaf  ji2  riiznf  chovdnf  se  obou  k  chemick:^m 
ainidiam.  Myslfm,  ie  uvedeni  tSlesa  jsou  produktem  d^je  chemick6ho 
V  jddfe  se  d6jicfho  a  domnfvdm  se  o  nich,  ie  jsou  povahy  tukov6,  mdm  vsak 
o  tom  je§t6  nSktere  pochybnosti,  i  hodldm  se  vrdtiti  k  diikladngjSfmu  jejich 
studiu  V  prdci  pozdSjSf. 

Jest  dosud  mdlo  pracl,  kter^  zabyvaly  se  otazkou  zaiivdnf  uhlohydrdtfi 
u  amoeb,  ty  pak  tykajf  se  pouze  za^ivdnf  Skrobu  syrov^ho.  Greenwood**) 
a  Meissner***)  dosp61i  pfi  tom  k  v^sledku  zdporn^mu. 


*)  Felomyxa  palustris,  ein  amoebenartiger  Organismus  des  sussen  Wassers, 
{Archiv  fur  mikroskopische  Anatomie,  X.  Bd.,  1874.) 

**)  On  the  digestive  process  in  some  Rhizopods  (Journal  of  Physiology,  VII.,  1886). 

***)  Beit  rage  zur  Erndhrungspkysiologie  der  Protozoen  (Zeitschrift  fur  wissen* 
schaftliche  Zoologie,  46  Bd.,  1888). 
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Naproti  tomu  Hartog  a  Dixon*)  dobyli  z  tSla  Pelomyxy  vedle 
pepsinu  enzym  diastatick^,  coi  jest  ve  shod6  s  vysledky  mych  pozorovdnf 
a  pokusfi. 

Meissner  dinil  t6i  pokus  s  Pelomyxou  krmiv  ji  24  hodiny  Skrobem 
lyiov^m  i  nalezl,  ie  po  tSchto  24  hodin^ch  Skrob  se  nezmSnil.  Domnlvim 
se,  2e  pffdinu  dosavadnfch  z^pomych  v^sledku  hledati  sluSi  v  nedostate^- 
nosti  methody  zkoumacf  a  t6i  v  torn,  2e  nebyl  vzat  zfetel  na  rfizn^  cho- 
v4ni  se  ruznych  druhft  Skrobu  syrov^ho  vzhledem  k  enzymfim  diastatick^m. 

MysUm,  ie  u  amoeb  a  sarkodin  vubec  dSje  se  za2fvdni  a  tvofeni  se 
uhlohydrdtfi,  ie  v§ak  nemfiie  se  tak  patrnfi  zjistiti  jako  u  Pelomyxy.  Tak  na 
pf.  nalezl  jsem  u  Amoeby  proteus,  kterou  jsem  p6stoval  za  podmfnek,  pokud 
mo2no,  pHrozen^ch,  ie  pohlcovala,  a6  v  mal6m  mnoistvf,  zma  syrov6ho 
Skrobu  p§enidn6ho  a  ie  je  poruSovala  zp^^sobem  charakteristicky^m  pro  enzym 
diastatick^. 

ZjiSt^nim  zmSn  na  pfijat6  potravg  nenf  jeStS  pod^n  pfesn^  d&kaz 
o  jejfm  zaiivAni.  V  pffpad6  Skrobov^ch  zrn  s  vrstvami  excentricky^mi  vi- 
dime,  ie  jsou  za2ivdna,  ani2  pfesn^  Ize  zjistiti  zmSny  na  zrnech.  Pfesny 
dakaz  zaiivAni  lAtky  n6jak6  podin  je  tehdy,  podaff-li  se  ndm  zjistiti  pff- 
^innou  souvislost  zm6n  na  t^to  Utce  pozorovanych  se  zm^nami  t^lesa,  je2 
jest  souddstkou  plasmatu,  v  n6m2  Idtka  jest  prom6ftov4na.  To,  mysUm,  podaf ilo 
se  mi  u  Pelomyxy,  totii  zji§t6nfm  chemick6  povahy  lesklych  tSles  a  zji- 
St^nlm  pfifiinn^  souvislosti  zmSn  na  nich  pozorovan]^ch  se  zmSnami  pHjat6 
potravy. 

Domnfvim  se,  ie  otevfel  jsem  tu  jednu  cestu  k  podrobn6j§lmu 
zbaddnl  dSjfi  iivotnlch  u  nejni2§ich  tistrojencfi  2ivoCi§n^ch.  Doufdm,  ie 
methoda  pSstovacf,  pozorovacf  i  pokusnd,  jich2  jsem  u  Pelom.yxy  uiil  a 
zde  je  t6i  popsal,  umo^ni  badatel(im  pozorov^nf  a  pokusy  m6  kontrolovati. 


*)  On  tke  Digestive  Ferments  of  a  large  Protozoan  (Rep.  63.    Meet   Brit.  Ass. 
Ad.  Sc.,  die  referitu  v  Zoologischer  Jahresbericht,  1895). 
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Tabulka  I. 

Fig.   1.  Triven^   zrno  syrov6ho   §krobu   p$eni£n6ho,   jimi   krmen  jedinec  Pelomyxy 

24  hodiny  a  jeni  prohliien  po24hodindch  (od  po^dtku  krmenf).  Kresleno  ph 

zv^tl.  350. 
Fig.    2.  Triven6   zmo   syrov^ho  Skrobu   p§eni£n^ho,  jimz   krmen  jedinec   Pelomyxy 

24  hodiny  a  jen2  prohli'2en  po   2  dnech   (od  po£itku   krmenf)   Kresleno  pfi 

zv^tSeni  350. 
Fig.   3.   Trdvend   zma   syrovdho    Skrobu    p5eniCn6ho,  jfmi   krmen  jedinec  Pelomyxy 

24  hodiny  a  jen£  prohliien   po   3  dnech   (od  po£dtku  krmeni).  Kresleno  pH 

zv5t§eni  350. 
Fig.    4.    Trivend    zma   syrov6ho  Skrobu   pSenifndho,   jfmi   krmen  jedinec   Pelomyxy 

24  hodiny  a  jeni  prohli2en   po   5   dnech  (od  po^&tku  krmeni).    Kresleno  pF 

zv5t§eni  350. 

TrivenA    zrna  syrov6ho   Skrobu    p§eni^n6ho,   jimi   krmen  jedinec   Pelomyxy 

24  hodiny   a  jenz  prohliien  po   6  dnech   (od  po^&tku   krmeni).    Kresleno  pH 

zv^tSeni  360. 

TrAvenA  zrna   syrov6ho   §krobu    p§eni£n6ho,  jimi   krmen   jedinec   Pelomyxy 

24  hodiny   a  jeni  prohlizen    po   7  dnech  (od  po^itku  krmeni).    Kresleno  pi^i 

zvStseni  350. 

Trdveni   zrna   syrov^ho   §krobu  p§eni£n^ho,   jimi   krmen  jedinec   Pelomyxy 

24  hodiny  a  jen2  prohli2en  po  8  dnech  (od    po^dtku  krmeni).    Kresleno  pfi 

zvfitSeni  350. 


Fig.  5. 
Fig.  6. 
Fig.  7. 
Fig.  8. 
Fig.  9. 
Fig.  10. 
Fig.  11. 
Fig.  11. 


Trdvend   zrna  syrov6ho   §krobu    p§eni£n6ho,   jimz  krmen  jedinec   Pelomyxy 

24  hodiny  a  jen2  prohlizen   po  9  dnech   (od   po^dtku   krmeni).     Kresleno  pri 

zv5t§eni  350. 

Zrna  syrov6ho  §krobu  pSen.,  jimf  krmen  jedinec  Pelomyxy  24  hodiny  a  jeni 

prohlizen  po  12  dnech  (od  poc.  krmeni).  a  Sii  k  zrna  trivend;  /,  m^  zrna  ne* 

poruseni.  Kresl.  pfi  zv^tSeni  350. 

Trdvend    zrna    syrov6ho  §krobu   pSeniCndho,  jimz  krmen  jedinec    Pelomyxy 

24  hodiny  a  jenz  prohlizen  po  13  dnech  (od  poCitku  krmeni).    Kresleno  pfi 

zv«t§.  350. 

A.  Trivend  zrna  syr.  §krobu  pSeniCn^ho,  jimi  krmen  jedinec  Pelomyxy 
24  hod.  a  jcn2  prohlizen  po  6  dnech  (od  poC.  krmeni).  I.,  II.  zrna  ve  vaku- 
olich  potravnich.  Kresl.  pfi  zvfitS.  350. 

B,  Trivenci  zrna  syrov^ho  §krobu  psenicn6ho,  jimi  krmen  jedinec  Pelomyxy 
24  hodiny  a  jen2  prohlizen  po  14  dnech  (od  poC4tku  krmeni).  Kresleno  pfi 
zv5t§.  350 
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Fig.  12.  Trdvend  zrna  syr.  Skrobu  pSen.    (CdsteCnfi  ve  vakuoUch  potr.),  jimi  krmen 

jedinec    Pelomyxy   1   hodinu  a  jen2  prohHzcn  po  44  hodindch  (od  poCdtku 

krmcni)   Kresl.  pFi  zvfitS.  360. 
Fig.  13.  A,  Trdvend  zrna  syr.  Skrobu  p?eniCn6ho  (v  potravnich  vakuoldch),  \imi  krmen 

jedinec  Pelomyxy    Vt  ^o^-    ^  j^nz    prohlizen    po    24  hodindch    (od    poCdtku 

krmeni).  Kresleno  pH  zv£t§.  350. 
Fig.  13.  ^  a  13  C.  Trivend  zrna  syrov^ho  Skrobu  p§eni^n6ho  (v  potravnich  vakuolAch 

az  na  Cg\  jimz  krmen  jedinec  Pelomyxy  */,  hod.   a  jeni  prohh'zen  po  2  dnech 

a  pak  po  4  dnech  (od  po6dtku  krmenij.  Kresleno  pfi  zv6t§.  350. 
Fig.  14.  Tr^veni  zrna  syrov6ho  §krobu  p§en.  (idsteCnS  v  potravnich  vakuoldch),   jim2 

krmen  jedinec  Pelomyxy    '/,  hod.  a  jeni  prohlizen  po  24  hodindch  (od  po- 

£dtku  krmenf>  Kresl.  pH  zv^tS.  350. 


Tabulka  II. 

Fig.  15.  A  a  15.'  B,  Trdvend  zrna  syr.  Skrobu  pSen.  (CdsteCnfi  v  potravnich  vakuoldch), 
jim2  krmen  jedinec  Pelomyxy  24  hodiny  a  jeni  prohlizen  po  4*/,  hodinich 
a  pak  po  29  hodindch  (od  po£4tku  krmeni).  Kresleno  pfi  zvdt§.  350. 

Fig.  16.  Trdvend  zrna  syrov6ho  Skrobu  p§eni£n^ho,  jimi  krmen  jedinec  Pelomyxy 
4  hodiny  a  jen2  prohliien  po  6  dnech  (od  po^dtku  krmenf).  Kresleno  pfi 
zv5t§.  350. 

Fig.  17.  Leskli  tfelesa:  A  pred,  B  po  Ihodinndm  setrvdni  v  destillovan6  vod5.  Zv^tSeno 
asi  140. 

Fig.  18.  Leskli  t^Iesa  po  pusobeni  sekretu  21az  slinn^ch.  A  po  pusobeni  24hodinn6m. 
B  po  pusobeni  4  dny  trvajicfm  (nahofe  leskli  tSlesa,  na  n^i  pusobil  sekret 
s  glycerinem  a  destillovanou  vodou,  dole  leskli  t^lesa,  na  n6z  pusobil  pouh^ 
sekret).  Zv5t§eno  asi  140. 

Fig.  18  ♦  a  leskl^  t^leso  (dvojit6)  pFed  pusobenfm  glycerinov^ho  v^taf ku  pankreasu  ho- 
vfiziho  (s  chloroformem; ;  b  tot6i  t6leso  po  4hodinn6ra  pflsobenf  t€hoi  v^aiku 
Vt6to  podob^  zustdv^  i  po  dalSfm  pusobeni  t^hoi,  v§ak  obnoven^ho  v^aiku 
Zv^tS.  asi  140. 

Fig.  19.  Jedinec  Pelomyxy  krmen  24  hodiny  syrov^m  Skrobem  pgeniCnJm.  A  leskld 
t^lesa  jeho  (v5t§inou  agglutinovand)  plred  krmenim;  ^tat^  po  krmeni;/ j^dro 
s  agglutinovan^mi  (vyCerpan^mi)  tfilesy  leskl^mi,  jei  nedopatfenim  vyobrazena 
jakoby  plni  byla.  Zv5t§.  asi  300. 

Fig.  20.  Jedinec  Pelomyxy  isolovdn  a  ponechdn  bez  potravy  6  dnf.  (Md  na  za^itku 
isolace  lesklA  t^lesa  plnd,  dosahujicf  max.  prumSru  jcidra.)  T]^z  krmen  pak 
24  hodiny  Skrobem  p§en.  syrov^m.  a  ^l  g  leskld  tSlesa  pfed  krmenim  \  A^i  E 
leskU  tSlesa  po  krmeni;  j  jddro  (s  bakteriemi).  Zv^tSeni  asi  600. 

Fig.  21.  Jedinec  Pelomyxy  krmen  48  hodin  skrobem  p§en.  syrov^m.  A  leskld  t^lesa 
pred  krmenim  (agglutinovand) ;  B  tdz  po  krmeni  (^dstedn^  jeSt^  agglutinovani) ; 
y,  aiy,  jddra  (Cdstefin^  agglutinovand)  pFed  krmenim;  J^  a2  7^  tiz  po  krmeni 
(£4steCn5  agglutinovand).  ZvfitS.  asi  300. 

Fig.  22.  Jedinec  Pelomyxy  jest  isolovdn  bez  potravy  13  dni,  pak  krmen  24  hodiny 
Skrobem  p§enidnym  syrov^m.  B^  leskld  t^lesa  na  po£dtku  isolovdni.  A  tdz 
na  konci  isolovdnf  (pred  krmenim);  B^  tdz  po  krmeni;  j\  a  ;,  jAdra  (agglu- 
tinovand)  na  konci  isolovdni  (pred  krmenim).  Zv6t§eno  asi  250. 

Fig.  23-  Pulka  jedince  Pelomyxy  krmena  24  hodiny  krystalky  koniferinu  a  pro- 
hliiena  po  48  hodindch  (od  konce  krmeni).  A  leskld  tSiesa  pFed  krmenim; 
B  XJki  po  krmeni ;yj  ay,  j^dra.  Zv^tSeni  asi  300. 
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Fig.  24.  P&lka  jedince  Pelomyxy  krmena  24  hod.  krystalky  koniferinu  a  prohliiena 
po  24  hodinich  (od  po^tku  krmenf).  A  leskli  t^lesa  pfed  krmenim;  B  tii 
po  krmenf;/,  ay,  jddra.    ZvdtSeni  asi  400. 

Fig.  25.  Pulka  jedince  Pelomyxy  krmena  24  hodiny  bflkem  sraien^m  s  glykogcnem 
a  prohliiena  po  24hodindch  (od  pocdtku  krmeni).  A  leskld  t^Iesa  pfed  krme- 
nim; B  tki  po  krmeni;/,  ay,  j^dra.  Zv^t§eni  skoro  400. 
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Das 

ArcUv  tiv  Entwicklungsmechanik  der  Organismen 

steht  offen  jeder  ArtTon  exakten  Forschungen  tlber  die  ^Ursachen''  der 
BBtstehung,  ErhaltnngundRtickbilduQg  der  organischenGestaltungen*). 

Bis  anf  weiteres  werden  auch  kritische  Referate  und  zusammen- 
fassende  Ubersichten  liber  andern  Orts  erschienene  Arbeiten  gleichen 
Zieles,  sowie  Titelttbersichten  der  bezttglichenLiteratur  aufgenommen. 

Das  Arcbiv  ersoheint  zur  Erm5gliohung  rascber  VerOffent- 
ichnn  g  in  zwaBglosen  Heften  sowohl  in  bezug  anf  den  TJmfang,  wie 
auch  anf  die  Zeit  des  Erscheinens ;  mit  etwa  40  Drnckbogen  wird  ein 
Band  abgeschlossen. 

Die  Herren  Mitarbeiter  erhalten  unentgeltlich  40  Sonderdrneke 
ihrer  Arbeiten;  eine  grOBere  Anzahl  Sonderdrneke  wird  bei  Voraus- 
bestellung  gegen  Erstattung  der  Herstellungskosten  geliefert,  nnter 
der  Voranssetzung,  daB  die  Exelnplare  nicht  flir  den  Handel  be- 
Btimmt  Bind.  Referate,  Besprechungen  und  Autoreferate  werden 
mit  Jf  40. —  fllr  den  Drnckbogen  nacb  AbschluB  des  Bandes  honoriert. 

Die  Zeichnungen  der  Textfiguren  sind  im  Interesse  der 
rascheren  Herstellung  wom5gIich  in  der  zur*  Wiedergabe  dureh 
Zink^tzung  geeigneten  Weise  auszuflihren*^).  Die  Textfiguren  sind 
Yom  Texte  gesondert  beizulegen;  an  den  EinfUgungsstellen  im 
Texte  sind  die  Nummern  der  beztlglichen  Figuren  anzubringen.  Sind 
die  eigentlich  ftlr  den  Text  bestimmten,  in  linearer  bzw.  punk- 
tierter  Manier  hergestellten  Figuren  selir  zahlreich,  so  werden  sie 
besser  anf  Tafeln  beigegeben.  Tafeln  sind  in  der  Htthe  dem 
Format  des  Archivs  anzupassen;  fllr  jede  Tafel  ist  eine  Skizze  tlber 
die  Verteilung  der  einzelnen  Figuren  beizufllgen. 

Die  Einsendung  von  Manuskripten  wird  an  den  Herausgeber 
erbeten. 

Der  Herausgeber:  Der  Verleger: 

Prof.  Dr.  Wilh.  Roux,  Wilhelm  Engelmann, 

Halle  Yd.  S.  (Deutschland).  Leipzig. 


*)  Ben  in  nichtdeutecher:  in  englischer,  italienischer  oder  frans6-> 
sisoher  Sprache  su  druckenden  Originalabhandlungen  ist  eine  kune  Zu- 
sammenfassung  der  Ergebnisse,  sel  es  in  der  Sprache  des  Originals  odcr  in 
deutschcr  Sprache  beizufQgen. 

**)  Diesgeschieht  in  linearer bzw.punktierterZeichnung mit tiefschwarzer 
Tinte  oder  Tusche,  kann  aber  leicht  auch  duroh  nachtr&gliches  Uberxeichnen  der 
Bleistiftzeichnung  mit  der  Tuschfeder  hergestellt  werden.  Wer  jedoch  ioa 
Zeiohnen  mit  der  Feder  nicht  geabt  ist,  kann  die  einfache  Bleistiftseiohnung  eia- 
senden,  wonach  sie  von  techniseher  Seite  dberzeiohnet  wird.  Die  Bexeichnungen 
(Buchstaben  oder  Ziffem)  sind  bloB  sohwach  mit  Bleistift  einzutragen,  sofem  sie 
der  Autor  nicht  kalligraphisch  herzustellen  vermag.  Anweisungen  far  die 
Herstellung  wissenschaftlicher  Zeichnungen  zu  Textfiguren  mit  Aus- 
fahrungen  tlber  die  einzelnen  Herstellunggarten  und  Proben  derselben  stellt  die 
Vcrlagsbuchhandliing  den  Herren  Mitarbeitcrn  gem  unentgeltlich  zur  VerfQgung- 
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Piasmodiogonie, 
eine  Vermehrungsart  der  niedersten  Protozoen. 

Nach  den  Untersuchungen  an  mehrkernigen  Formen 
der  Amoeba  proteus. 

Von 

Antonin  Stole. 


Eingegangen  am  14.  Dezember  1905. 

In  dieser  Arbeit  wird  der  Versnch  gemacht,  die  Bedentnng  der 
mehrkernigen  Formen  im  Lebenscyclns  von  Amoeba  proteus  zn  er- 
kl&ren.  Hierzn  dienten  mir  teils  einige  Ergebnisse  meiner  frtlheren 
Arbeit^),  teils  Kesnltate  andrer  Untersuchungen,  bei  welchen  Amo- 
ben  auf  die  in  meiner  zitierten  Arbeit  angegebene  Weise  kultiviert 
wurden. 

Bei  der  L^sung  der  Frage  nach  der  Bedeutung  mehrkemiger 
Formen  schien  es  mir  wichtig  zu  sein,  vorerst  zu  untersuchen,  unter 
welchen  Umstanden  und  wie  tiberhaupt  diese  Formen  entsteben,  was 
ftr  Veranderungen  im  Vergleich  mit  den  einkemigen  Formen  die 
Mehrkernigkeit  zur  Folge  hat,  und  schlieBlich,  wie  sich  die  mehr- 
kernigen Formen  femerhin  verhalten,  besonders  dann,  wenn  sie 
Teilungen  eingehen. 

I. 
A.  Die  mehrkernigen  Formen  k5nnen  bei  Nahrungsmangel 

entsteben. 
Hierfttr  gibt  folgende  Untersuchung  Belege.     Ein   einkerniges 
Individnum  wurde  im  Uhrglas  unter  taglichem  Ersatz   an  frischem 


*)  tJber  die  Teilung  dea  Protoplasmas  im  mehrkernigen  Zustande.  Nach 
den  Untersuchungen  an  merkernigen  Formen  der  Amoeba  •p7'oteu8.  Archiv  f. 
Entw.-MecL   Bd.  XIX.  1906. 
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Wasser  nebst  neuer  Nahrung  kultiviert.  Es  erfolgte  bald  eine  Zwei- 
teilung,  deren  Produkte  einkernig  waren  —  eine  Erscheinung,  welche 
sich  auch  an  dem  einen  Tochterindividunm,  das  allein  weiter  in 
Kultur  genommen  wurde,  bei  seiner*  Teilung  wiederholte.  Ein  andres 
Resultat  erhielt  ich  jedoch,  als  die  Bedingungen  von  jetzt  an  gean- 
dert  wurden.  Ich  ttberftthrte  namlich  das  eine  von  den  beiden  letz- 
ten  Teilnngsprodukten  in  ein  mit  frischem  FluBwasser  gefuUtes 
Cylinderglaschen  und  belieB  die  Kultur  sich  selbst,  ohne  Nahrung 
hinzuzufttgen.  Nach  4  Tagen  (am  3.  Juli  1898)  erschien  hierauf  das 
Individuum  zweikernig.  Bei  seiner  Rttckkehr  in  die  oben  ange- 
ftthrten  Bedingungen  (Uhrglas,  Wasser-  und  Nahrungsaustausch)  er- 
fuhr  es  nach  der  Beobachtung  am  dritten  Tage  eine  Dreiteilung, 
deren  Produkte  aus  einem  groBen  und  zwei  kleinen  Individuen  be- 
standen.  Ersteres  enthielt  zwei  grobk5rnige  Nuclei,  die  beiden  letz- 
teren  je  einen  fein  granulierten.  Fortgesetzte  Kultur  des  groBen 
Individuums  unter  denselben  Bedingungen  ergab  am  zweiten  Tage 
eine  stattgefundene  Vierteilung,  deren  Produkte  je  einen  feinkdrnigen 
Nucleus  besaBen.  Hiermit  kehrten  die  Erscheinungen  wieder  in  ihr 
altes  Geleis  zurlick,  denn  als  noch  zwei  der  letzten  vier  Descendenten 
der  AUeinkultur  unterworfen  wurden,  traten  wieder  dieselben  ein- 
fachen  Verhaltnisse,  namlich  Zweiteilung,  Einkemigkeit  der  Produkte, 
zutage,  gerade  wie  am  Anfange  des  Versuchs.  Damit  wurde  schlieB- 
lich  die  Untersuchung  beendigt. 

B.  Die  mehrkernigen  Formen  kOnnen  auch  bei  IJberfluB 
an  Nahrung  entstehen. 

Einen  Beleg  hierfUr  bietet  folgende  Beobachtung.  Vier  einkernige 
Individuen,  einer  nahrungsarmen  Kultur  (am  8.  Mai  1897)  entnommen, 
wurden  unter  taglichem  Ersatz  an  frischem  Wasser  und  nach  Hinzu- 
gabe  reichlicher  Nahrung  in  einem  Hohlglaschen  (ausgeh(5hltem  Ob- 
jekttrager)  kultiviert.  Die  Nahrung  bestand  aus  Infusorien  der  Gat- 
tungen  Paramecium^  Colpidium  u.  a.  Am  12.  Mai  fand  ich  alle  vier 
Individuen  jedes  in  zwei  einkernige  Produkte  geteilt.  Von  den 
neuen  Individuen  wurden  dann  nur  vier  Exemplare  allein  gewahlt 
und  fUr  die  Kultur  verwendet.  Am  18.  Mai  lieB  sich  wahmehmen, 
daB  drei  von  ihnen  in  je  zwei  einkernige  Nachkommen  sich  geteilt 
haben,  das  vierte  jedoch  ungeteilt  geblieben  ist.  Letzteres  nahm  ich 
dann  fllr  sich  allein  in  Kultur  und  beobachtete  es  hHufig.  Um  3  Uhr 
nachmittag  erschien  noch  sein  Nucleus  ungeteilt,  bis  schlieBlich  am 
12  Uhr  nachts  die  Teilung  direkt  unter  dem  Mikroskop  sich  wahr- 
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nehmen  lieB.  Derselben  entsprangen  zwei  einkernige  nnd  ein  zwei- 
kerniges  Individnum,  alle  darch  feine  Granuliemng  der  Kerne  auB- 
gezeichnet.  Das  zweikemige  Produkt  wurde  dann  eingehend  weiter 
beobachtet  nnd  zwar  einmal  nach  2  Uhr  nachts  (am  19.  Mai),  dann 
am  7  Uhr  morgens  nnd  nachmittag  um  1  Uhr,  ohne  daB  eine  Tei- 
Inng  auch  nnr  angedentet  ware.  Vortlbergehend  ttberftihrte  ich  hieranf 
das  Yersnchsobjekt  in  ein  CylinderglSschen  mit  frischem  FlnBwasser 
(ohne  Nahmng),  nm  es  nach  24  Stnnden  wieder  in  das  betreffende 
Hohlglas  mit  frischem  Wasser  nnd  reichlicher  Nahmng  z^nrtickznyer- 
setzen.  Die  Untersnchung  am  folgenden  Tage  ergab  eine  stattge^ 
fnndene  Yierteilnng,  deren  Prodnkte  dnrchwegs  als  einkemig  sich 
erwiesen.  Bei  den  hieranf  folgenden  Teilnngen  bis  znm  Tierten  G-liede, 
wobei  allerdings  stets  nnr  ein  Individnum  in  Enltnr  genommen  wnrde, 
traten  nnr  Zweiteilnngen  nnd  Einkemigkeit  zntage.  Die  betreflFenden 
saccessiven  Teilnngen  wnrden  am  22.,  24.  nnd  25.  Mai  konstatiert, 
woranf  von  weiteren  Beobachtnngen  Abstand  genommen  wnrde. 

G.  Die  mehrkernigen  Formen  k(5nnen  in  alteren  Enltnren 

anftreten. 

Darllber  babe  ich  schon  in  meiner  oben  zitierten  Arbeit  berichtet 
Die  Am5ben  wnrden  in  kleinen  CylindergefllBen  mit  FlnBwasser  nach 
Hinzogabe  von  Infnsoriennahmng  geztichtet.  T^lich  oder  nach 
langeren  Zeitabschnitten  wnrde  frisches  Wasser  nnd  nene  Nahmng 
zngesetzt  In  der  Begel  teilten  sich  die  AmOben  eifrig,  wobei  anfangs 
nnr  einkernige,  in  alteren  Knltnren  jedoch  neben  diesen  aneh  mehr- 
kemige,  meist  zweikemige,  minder  hUnfig  dreikemige  oder  yier- 
kemige  Individuen  anftraten. 

D.  Die  mehrkernigen  Formen  kdnnen  anch  bei  nngUnstiger 
Jahreszeit  anftreten. 

Dnrch  eine  auf  1  Jahr  nnd  mehr  als  8  Monate  ansgedehnte 
Untersnchnng,  wobei  nnter  den  nnten  angegebenen  Umstanden  tag- 
lieh  Beobachtnngen  an  Amoeba  proteiis  ansgeftihrt  wnrden,  stellte  sich 
herans,  daB  mit  Ansnahme  des  Herbstes,  wo  mehrkernige  (zweikemige) 
Indiyidnen  neben  einkeraigen  anftraten,  sonst  konstant  nnr  einkernige 
Formen  ans  den  Teilnngen  hervorgingen.  Die  betrefifenden  Bepbach- 
tungen  danerten  vom  21.  Dezember  1896  bis  znm  24.  Angust  1898 
wo  die  beabsichtigte  Fortsetznng  der  Beobachtungsreihe  nnm^glich 
wurde,  da  ungttnstige  Kultnrverhaltnisse,  denen  das  Objekt  nicht 
gewachsen  war,  dessen  Tod  herbeigefUhrt  haben.    Als  KulturgefaB 
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diente  ein  grttBeres  Uhrglas,  welches  taglich  mit  frischem  FluBwasser 
mnd  neuer,  ans  Infasorien  bestehender  Nahrung  beschickt  wurde.  Eine 
einzige  Ansnahme  hiervon  ist  in  dem  beigefllgten  Frotokoll  zu  finden. 
Nach  jeder  Teilung  wurde  nur  ein  Tochterindividuum  weiter  kulti- 
viert.  Vom  Dezember  1897  an  habe  icb,  urn  ftir  den  Fall  eines  zu- 
filligen  Verlustes  gleich  Ersatz  am  Versnchsmaterial  zu  haben,  zeit- 
weilig  neben  dem  Hauptindividuum  noch  ein  Nebenindividuum  auf 
besonderem  Uhrglas  gezttchtet  Ein  ausftthrliches  Protokoll,  welches 
die  ganze  Beobachtnngsreihe  besonders  mit  BUcksicht  auf  die  statt- 
gefundenen  Teilungen  darstellen  soil,  ist  am  Ende  dieser  Arbeit  bei- 
gefttgt.  Es  mag  darans  hier  nur  jene  Phase  herausgegriffen  nnd 
naher  geschildert  werden,  wo  zweikernige  Formen  zum  Vorschein 
kamen. 

Ein  einkemiges  Individuum,  vom  15.  November  1897  an  tUglich 
beobachtet,  wurde  am  20.  Nov.  d.  J.  in  zwei  kleinere  einkemige  und 
einen  gr(5Beren  zweikernigen  Nachkommen  geteilt  vorgefunden.  Dieser 
zweikernige  geriet  dann  weiter  in  Kultur,  neben  ihm  aber  auch  (na- 
tttrlich  im  besonderen  Uhrglas)  einer  von  den  beiden  einkemigen 
Descendenten.  Unter  den  sonst  tibereinstimmenden  Verhaltnissen 
fand  ich  am  23.  November  folgendes.  An  dem  zweikernigen  Versuchs- 
tier  hat  eine  Dreiteilung  stattgefunden,  die  zu  zwei  kleineren  ein- 
kemigen und  einem  gr(JBeren  zweikernigen  Tochterindividuum  ftihrte. 
Es  wnrde  nur  letzteres  allein  in  Kultur  genommen,  bis  am  28.  No- 
vember d.  J.  an  ihm  abermals  eine  stattgefundene  Dreiteilung  sich 
wahmehmen  lieB,  die  zwei  kleinere,  jedoch  ungleiche,  und  ein  grOBeres 
zweikemiges  Tochterindividuum  lieferte.  Fortgesetzte  Kultur  dieses 
letzteren  allein  ergab  dann  am  2.  Dezember  d.  J.  vier  einkemige  Nach- 
kommen, von  denen  nur  einer  isoliert  und  weiter  kultiviert  wurde, 
Tim  zwei  einkemige  Teilungsprodukte  zu  liefem.  Dieser  Teilungs- 
modus  blieb  von  jetzt  an  auch  bei  den  folgenden  Generationeu  bis 
zum  20.  Dezember  d.  J.  erhalten.  Die  betreffenden  Teilungen  wurden 
am  5.,  8.,  11.,  13.,  15,  und  20.  Dezember  d.  J.  konstatiert. 


Aus  den  in  diesem  Abschnitt  angeftihrten  Beobachtungen  laBt 
sich  folgender  SchluB  ziehen:  Die  mehrkernigen  Formen  kom- 
men  dann  zum  Vorschein,  wenn  sich  das  Medium  irgendwie 
verandert,  namlich  wenn,  soweit  bisher  sichergestellt  wurde,  Mangel 
oder  umgekehrt  UberfluB  an  Nahrang  stattfindet,  feraer  wenn  die  Kul- 
turen  alter  werden,  und  schlieBlich,  wenn  eine .  ungtlnstige  Jahreszeit 
eintritt. 
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II. 

Eine  mehrkernige  Form  kann  entweder  durcli  Kernvermeh- 

Tung  au8  einer  einkernigen  oder  durch  Verschmelzung  der 

einkernigen  Formen  miteinander  entstehen. 

Belege  ftir  die  erstere  Art  habe  ich  im  vorhergehenden  angefUhrt, 
betreffs  des  zweiten  Modus  mag  ausf tthrlicher  folgendes  berichtet  werden. 

Ein  einkerniges  Individuum,  am  19.  Mai  1899  einer  Glascylinder- 
knltnr  entnommen,  wurde  in  ein  taglich  mit  frischem  Wasser  nebst 
reichlicher  Nahrung  versebenes  Uhrglas  llberfllhrt.  Am  Glase  haben 
flich  bald  Vorticellen  angesiedelt,  die  der  Amobe  zur  Beute  fielen. 
Am  20.  Mai  lieB  sich  die  erste  Teilung  wahrnehmen,  deren  beide 
Produkte  anf  Uhrglasern  welter  kultivlert  wurden.  Tags  darauf  fand 
ich  nur  elns  von  den  beiden  Individuen  geteilt,  das  andre  war  nn- 
geteilt  nnd  an  dlesem  allein  setzte  ich  die  Kultur  fort.  Wie  die 
Unterauchnng  am  23.  Mai  ergab,  lieferte  es  abermals  nur  zwei  ein- 
kernige  Nachkommen,  welche  welter  geztichtet  wurden.  Tags  darauf, 
nach  erfolgter  Durchmusterung,  habe  ich  sie  wleder  in  das  Uhrglas 
tiberfilhrt,  um  die  Kultur  fortzusetzen.  Hierbei  traf  es  sich,  daB  die 
beiden  Schwesterindividuen  einander  hart  berllhrten,  um  gleich  darauf 
miteinander  zu  verschmelzen.  Die  am  folgenden  Tage  (nach  24  Stun- 
den)  vorgenommene  Durchsicht  ergab  an  dem  copulierten  Objekt  die 
Anwesenheit  von  zwei  Kemen  und  ebensoviel  kontraktilen  Vacuolen. 
Bei  fortgesetzter  Kultur  konnte  ich  dann  am  selbigen  Objekt  (am 
27.  Mai)  eine  Dreiteilung  sicherstellen,  deren  zwei  Produkte  als  ein- 
kemig,  das  dritte  aber  als  zweikemig  sich  erwies.  AUe  drei  Nach- 
kommen wurden  dann  welter  geztichtet,  der  zweikernige  anfangs  in 
einem  separaten,  spSter  jedoch  im  alten  Uhrglase.  Die  einkernigen 
Individuen  und  deren  Nachkommen  teilten  sich  stets  in  zwei  ein- 
kernige,  und  was  das  betreflfende  zweikernige  Individuum  betriflft,  so 
fand  ich  am  2.  Juni,  daB  aus  ihm  vier  Individuen  entstanden  sind, 
welche  dnrchwegs  nur  einen  Kern  enthielten. 


III. 

A.  Infolge  der  Mehrkernigkeit  wird  das  Protoplasma 
komplizierter. 

Bildung  von  neuem  Protoplasma  ist  von  der  Anwesenheit  und 
Tatigkeit  des  Kerns  abhangig.  Fassen  wir  zunSchst  den  einfachsten 
Fall  ins  Ange,  namlich  zweikernige  Formen,  welche  wachsen,  um 
mit  der  Zeit  zwei  einkernige  Nachkommen  zu  liefern,  so  darf  ange- 
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nommen  werden,  daB  das  neae  Protoplasma,  welches  unter  dem 
EinfluB  des  einen  Kerns  entstanden  ist,  nicht  ganz  identiscb  ist  mit 
jenem  Protoplasma,  welches  unter  dem  EinflaB  des  andern  Kerns 
entstanden  ist.  Schon  der  Umstand,  daB  die  Kerne  im  Protoplasma 
ungleiche  Lage  einnehmen,  scheint  ftlr  einen  ungleichen  Einflnfi 
ihrerseits  auf  das  neu  entstehende  Protoplasma  za  sprechen.  Dazu 
kann  noch  der  Fall  hinzakommen,  daB  die  Kerne  deutlich,  was  ihre 
Gestalt  betrifft,  Yoneinander  sich  anterscheiden.  Hierher  geh5rt  der 
in  meiner  zitierten  Arbeit  angefllhrte  Fall,  welcher  ein  Individuum 
betrifFt,  dessen  einer  Kern  kleiner,  bikonkav,  der  andre  aber  grOBer, 
tief  eingekerbt  war.  Ans  dem  ungleichen  Bau  der  Kerne  19.Bt  sich 
dann  auf  einen  ungleichen  Wert  ihrer  Tatigkeit  und  infolgedessen 
auch  auf  einen  yerschiedenen  EinfluB  auf  das  Entstehen  von  neuem 
Protoplasma  schlieBen.  Beide  durch  Teilung  eines  zweikemigen  In- 
di^iduums  entstandenen  Nachkommen  werden  demnach  zweierlei 
Protoplasma  enthalten,  einerseits  solches,  welches  unter  dem  EinfluB 
des  ersten,  anderseits  solches,  welches  unter  dem  des  zweiten  Kerns 
entstanden  ist.  Infolgedessen  wird  aber  ihr  Protoplasma  jedenfalls 
komplizierter  sein  als  bei  jenen  Individuen,  welche  durch  TeiluDg 
eines  einkemigen  Individuums  entstanden  sind. 

B.  Die  Mehrkernigkeit  fUhrt  inderFolge  zu  einer  mehroder 

minder  groBen  Yerschiedenheit  der  aus  den  mehrkernigen 

durch  Teilung  entstandenen  einkemigen  Formen. 

AuBer  dem  EinfluB  der  Kerne  auf  das  Protoplasma  muB  auch 
umgekehrt  die  Wirkung  des  Protoplasmas  auf  die  Kerne,  besonders 
auf  das  Wachstum  derselben  vor  ihrer  Teilung,  erwogen  werden. 
Auch  dieser  EinfluB  braucht  keineswegs  fiir  einen  jeden  Kern  iden- 
tiscb zu  sein.  Denn  fassen  wir  wieder  eine  zweikernige  Form,  deren 
Kerne  schon  ursprttnglich  ungleich  sind  und  zur  nS.chsten  Teilung 
durch  Wachstum  sich  anschicken,  ins  Auge,  so  muB  unter  dem  un- 
gleichen EinfluB  des  Protoplasmas  ihre  Differenz  noch  mehr  gesteigert 
werden,  was  auch  an  den  durch  Teilung  aus  ihnen  entstandenen 
neuen  Kemen  zum  Ausdruck  kommen  muB. 

Infolge  der  Mehrkernigkeit  wird  das  Protoplasma  komplizierter 
und  ursprtlnglich  gleiche  Kerne  konnen  sich  difl^erenzieren,  wahrend 
ursprlinglich  ungleiche  Kerne  noch  ungleicher  werden  k(5nnen.  Somit 
resultiert  aus  der  Teilung  der  mehrkernigen  Formen  eine  mehr  oder 
minder  groBe  Differenz  der  so  entstandenen  neuen  einkemigen  Indi- 
viduen.    In  meiner  zitierten  Arbeit  habe  ich  dafUr  zahlreiche  Bel^e 
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angeftthrt.  Die  am  meisten  in  die  ADgen  springenden  F9.11e  sind 
jene,  wo  z.  B.  eine  zweikernige  Form  durch  Teilung  neben  einem 
zweikernigen  zwei  eiokernige,  ungleich  groBe  Individaen  lieferte,  oder 
wo  sie  durch  einen  andem  Teilungsmodus  vier  nngleiche  Nachkommen 
erzeogte. 

Jene  durch  Vermittlung  der  mehrkemigen  Formen  Btattfindende 
'  Art  der  Vermehrung,  welche  bei  den  niedrigsten  Protozoen  yorkommt, 
m5ge  als  Flasmodiogonie  bezeichnet  werden.  Diese  ist  es  allein, 
der  diese  Zeilen  gelten,  und  sie  mag  folgendermaBen  definiert  werden: 
Eine  Vermehrungsart,  bei  welcher  einkernige  Individuen, 
durch  einfache  Teilung  einkernige  Nachkommen  liefernd, 
mit  der  Zeit  zur  Entstehung  von  mehrkemigen  Formen  den 
AnlaB  geben,  welch  letztere  jedoch  mit  der  Zeit  wieder  bei 
ihrer  Teilung  einkernige  Nachkommen  ergeben. 

Diese  Yermehrungsart  bietet  gewissermaBen  das,  was  der  Zweck 
der  geschlechtlichen  Vermehrung  ist,  nilmlich  eine  gr5Bere  Differeuz 
(VariabilitUt)  der  Nachkommen.  Sie  kommt  bei  verHnderten  YerhUlt- 
nissen  des  Milieus  vor  und  gibt  die  MOglichkeit  an  die  Hand,  daB 
den  yerilDderten  VerhUltnissen  durch  grOBere  Mannigfaltigkeit  der 
Nachkommen  widerstritten  wird. 

C.  Neben  den  Vorteilen,  den  der  mehrkernige  Zustand  bietet, 
kann  er  auch  zum  Ausgangspunkt  gewisser  Nachteile  werden. 
Haben  wir  nochmals  den  einfachsten  Fall  im  Sinn,  nUmlich  den 
zweikernigen  Zustand,  so  kann  der  EinfluB  des  Protoplasmas  auf  den 
einen  Kern  gttnstiger  sein  als  auf  den  zweiten.  Es  kann  zum  Eampfe 
zwischen  beiden  Kernen  kommen,  in  welchem  der  minder  ttlchtige 
Nucleus  insofem  beeintrU.chtigt  wird,  als  bei  ihm  oder  bei  seinen 
Nachkommen  die  F^higkeit  der  Vermehrung  durch  Teilung  abhanden 
kommt.  Auf  Grund  dessen  kann  man  gewisse  FUlle  erklaren,  welche 
mir  bei  der  tJntersuchung  der  mehrkemigen  Formen  von  Amoeba 
protetis  vorgekommen  sind.  Ich  meine  das  Auftreten  von  einkemigen 
durch  Teilung  der  mehrkemigen  entstandenen  Formen,  welche  deut- 
liche  Anzeichen  ihres  baldigen  Unterganges  verrieten.  Ebenso  lassen 
sich  hierdurch  jene  Falle  aufklaren,  wo  der  mehrkernige  Mutter- 
organismus  durch  Teilung  auf  der  einen  Seite  teilungsfilhige  Formen 
lieferte,  auf  der  andem  Seite  jedoch  daneben  auch  mehrkemige  Nach- 
kommen produzierte,  welche  zwar  einige  Zeitlang  am  Leben  blieben, 
dann  aber  ohne  sich  geteilt  zu  haben  zugrande  gingen.  Die  hier 
gemeinten  Falle  babe  ich  in  meiner  zitierten  Arbeit  geschildert.    Nach 
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(leo  dort  angeflihrten  Belegen  ist  es  klar,  daB  bei  den  mehrkernigen 
Formen  es  za  einer  solchen  Di£ferenz  der  Kerne  kommen  kann,  daB 
nur  einige  Kerae  ihre  Teilungsfahigkeit  unbeschrankt  behalten,  w^h- 
rend  bei  andern  diese  Fahigkeit  nach  einigen  Generationen  oder  tiber- 
haupt  verloren  geht  und  ihre  Tatigkeit  in  diesem  zweiten  Falle  auf 
andre  yitale  Funktionen  allein  bescbr9,nkt  bleibt.  Wie  man  sieht, 
kann  bei  den  mehrkernigen  Formen  von  Amoeba  proteus,  was  die 
Kerne  betrifiFt,  derjenige  Znstand  angedeutet  werden,  welcher  charak- 
teristisch  bei  hoheren  Protozoen,  namlich  bei  Infusorien,  ansgepragt 
ist.  Noch  ein  Umstand  ist  hierbei  von  Wichtigkeit.  Wenn  mehr- 
kernige  Formen  zum  Teil  vermehmngsfilhige,  znm  Teil  aber  solche 
Nachkommen  liefern,  denen  diese  FSlhigkeit  in  beschrslnktem  MaBe 
oder  ttberhaupt  nicht  zukommt,  so  muB  man  darin  Spuren  jener  Zellen- 
diflferenzierung  erkennen,  welche  fllr  mehrzellige  Tiere  charakteristisch 
ist,  namlich  die  Diflferenzierung  in  der  Vernichtung  geweihte  und  der 
Vermehrung  dienende  Zellen. 


IV. 

A.  Sehen  wir  von  mehrkernigen,  durch  Verschmelzung  der  ein- 
kernigen  entstandenen  Formen  ab,  so  entstehen  die  mehrkernigen 
Formen  aus  einkernigen  in  der  Weise,  daB  der  ihnen  zukommende 
Kern  sich  durch  Teilung  vermehrt,  ohne  daB  zugleieh  auch  das  Proto- 
plasma  sich  teilt.  Bei  Amoeba  proteics  kann  aber  noch  ein  einfacherer 
Fall  vorkommen.  Bei  den  einkernigen  Formen  kann  der  Kern  nam- 
lich cine  Zeitlang  durch  Wachstum  unter  Vermehrung  seiner  Chromatin- 
siibstanz  liber  das  sonst  ttbliche  MaB  sich  vergrOBern,  um  erst  spater 
gleiehzeitig  mit  dem  Plasma  sich  zu  teileu. 

Diesen  Fall  habe  ich  auf  S.  112,  Abschnitt  B  geschildert.  Hier 
hat  sich  ein  einkerniges  Individuum  nicht  in  der  einfachen  Weise 
geteilt  wie  seine  Schwesterindividuen,  sondern  sein  Kern  vergrOBerte 
sich  unter  Zunahme  seines  Chromatingehaltes,  worauf  das  Individuum 
erst  spater  gleiehzeitig  in  zwei  einkernige  und  einen  zweikemigen 
Nachkommen  zerfiel,  welch  letzterer  dann  mit  der  Zeit  vier  einkernige 
Nachkommen  lieferte.  Auf  Grund  dieses  angeflihrten  Beispiels  kann 
geschlossen  werden,  daB  der  Zustand  der  vermehrten  Kernsubstanz 
unter  ahnlichen  Verhaltnissen  entsteht  wie  die  mehrkernigen  ZustUnde 
und  daB  derselbe  in  ahnlicher  Weise  wie  dort  zu  einer  grOBeren 
Komplikation  des  Protoplasmas  und  zugleieh  zur  Diflferenzierung  der 
aus  ihm  entstandenen  Individuen  ftthrt. 
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Urn  nach  gewissen  Erscheinungen  bei  dem  eingehenden  Studiam 
der  Eemstrnktar  zn  schlieBen,  so  halte  ich  dafdr,  daB  bei  Amoeba 
proteus  anch  die  Chromatinelemente  antereinander  nicht  gleichwertig 
Bind.  £s  kann  sich  ereignen,  daB  auoh  bei  einfacher  Teilnng  der 
einkernigen  Form  die  nea  entstandenen  Kerne  nicht  ganz  gleich 
zn  sein  brauchen,  indem  ihnen  ein  ChromatiDgehalt  von  differentem 
Werte  zakommt.  Bei  den  Formen  mit  vergrQBertem  Kern  und  mit 
yermehrtem  Chromatingehalt  kann  die  DifFerenz  der  Chromatinele- 
meDte,  infolge  ihrer  verHnderten  Verteilung  im  Innern  des  Kerns 
nnd  des  infolgedessen  nicht  ganz  gleichen  Einflusses  seitens  des 
Protoplasmas  anf  sie,  noch  gesteigert  werden.  Unter  solchen  Be- 
dingangen  kann  es  passieren,  daB  Individuen,  welche  einem  andern 
Indiyidanm  mit  vergrOBertem  Kern  ihren  Urspmng  yerdanken,  Kerne 
enthalten,  welche  mehr  oder  minder  yerschiedenen  Chromatingehalt 
anfweisen. 

6.  Bei  Amoeba  protetis  k(5nnen  sich  sogar  F^e  ereignen,  die 
einen  tJbeigang  zwischen  Mehrkemigkeit  nnd  KemyergroBerung  bilden. 

Es  m5ge  diesbezUglich  folgender  Beleg  angefUhrt  yyerden. 

Am  8.  Juli  1904  yyurde  aus  einer  alteren  Kultur  ein  dreikemiges 
Indiyidnam  herausgeholt  und  ftlr  sich  gezttchtet.  Es  yynrde  tMglich 
frisches  FlaBwasser  nebst  neuer  Nahrung  zugesetzt,  yyobei  eine  Dnrch- 
mustemng  der  Kultur  jeden  Tag  stattfand.  Ich  fand  am  10.  Juli 
das  Resultat  einer  Vierteilung,  wobei  zyrei  Indiyiduen  als  kleiner  und 
zwei  als  gr^Ber  sich  erwiesen.  Die  beiden  kleineren  Nachkommen 
besaBen  je  einen  Kern  yon  normaler  Gr5Be  und  Gestalt,  wahrend 
der  eine  grOBere  Nachkomme  zwei  ebenfalls  normale  Kerne  enthielt, 
der  andre  aber  blofi  einen  zweifachen,  d.  h.  einen  Kern,  der  aus 
einem  grOBeren  und  einem  kleineren  Telle  bestand.  Beide  gr5Beren 
Individuen  wurden  weiter  gezttchtet.  Am  13.  Juli  d.  J.  fand  ich,  daB 
das  Individuum,  welches  den  zweifachen  Kern  besaB,  inzwischen  vier 
gleich  groBe  einkemige  Nachkommen  mit  samtlich  normalen  Kemen 
Keferte.  Das  zweikernige  Schwesterprodukt  hat  sich  ebenfalls  in- 
zwischen geteilt  und  zwar  in  zwei  Teile,  deren  jeder  einen  zwei- 
fachen Kern  besitzt,  n^mlich  einen  Kern  mit  einer  einseitigen  tiefen 
Striktur.  Diese  beiden  Individuen  [A  und  B)  wurden  weiter  kultiviert, 
worauf  dann  am  15.  Juli  d.  J.  an  jedem  eine  vollfUhrte  Zweiteilung 
konstatiert  wurde.  Beide  Individuen,  die  A  geliefert  hatte,  batten 
einen  zweifachen,  d.  h.  eingeschnttrten  Nucleus,  auch  bei  dem  einen 
von  B  stammenden  Nachkommen  fand  sich  ein  ahnlicher  Doppelkem 
vor,  aber  bei  dem  zweiten  Nachkommen  von  B  war  ein  groBer, 
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jedoch  vollkommen  runder  Kern  zugegen.  Diese  beiden  letz- 
teren  Nachkommen  von  B  (Cund  D)  wurden  dann  weiter  kultiviert 
Am  folgenden  Tage  habe  ich  sichergestellt,  daB  beide  eine  Zweitei- 
lung  erfahren  haben.  Immer  hatte  das  eine  von  beiden  Schwester- 
produkten  einen  groBen,  jedoch  runden,  das  andre  einen  zweifachen, 
eingeschnllrten  Kern.  Von  diesen  vier  Nachkommen  wnrden  nur 
zwei,  namlich  die  von  D  (E  und  F]^  weiter  kultiviert  nnd  wie  die 
Durchsicht  am  17.  Jnli  d,  J.  ergab,  bat  sich  das  Individuum  F  (mit 
dem  Doppelkern)  in  zwei  einkernige  Nachkommen  mit  normalen 
Keraen  geteilt.  Am  an  dem  Tage  fand  ich  auch  das  zweite  Indivi- 
dunm  [E)  geteilt  nnd  zwar  anf  zwei  Nachkommen,  deren  einer  einen 
normalen  Kern  besaB,  der  andre  aber  einen  dreifachen  Kern.  Es 
wurde  nur  dieses  Individuum  weiter  gezllchtet.  Die  weiteren  Ergeb- 
nisse,  welche  nach  einer  andern  Bichtung  bin  interessant  waren,  be- 
absichtige  ich  an  einer  andern  Stelle  zu  ver(5flFentlichen. 


Man  kann  den  Gedanken  eines  folgenden  Lebenscyclus  von  einem 
amSbenartigen  GeschcJpf  entwickeln. 

Eine  einkernige  Form  mit  vergroBertem  Nucleus  und  mit  ver- 
mehrtem  Chromatingehalt  teilt  sich  so,  daB  aus  ihr  drei  einkernige 
Formen  (eventuell  eine  einkernige  und  eine  zweikemige)  entstehen, 
welche  dem  Untergange  geweiht  sind,  daneben  aber  eine  vierte  ein- 
kernige Form,  deren  Vermehrungstatigkeit  erhalten  bleibt.  Diese 
einkernige  Form  gibt  dann  weiter  zum  Entstehen  einer  mehrkernigen 
Form  die  Veranlassung,  indem  ihr  Kern  sich  durch  Teilung  vermehrt, 
oder  daB  diese  Form  mit  einer  andern  einkernigen  eine  Verschmel- 
zung  eingeht.  Die  mehrkemige  Form  gibt  dann  durch  Teilung  eines- 
teils  Formen,  welche,  ohne  sich  abermals  zu  teilen,  zugrunde  gehen, 
oder  bei  denen  die  Teilungsfahigkeit  nach  einigen  Generationen  er- 
lischt,  andernteils  eine  einkernige  Form,  welche  ihren  Kern  ver- 
groBert,  dessen  Chromatingehalt  vermehrt  und  so  wieder  den  bier 
geschilderten  Lebenscyclus  von  neuem  beginnt. 

Ich  halte  es  fUr  mOglich,  daB  ein  solcher  Lebenscyclus  unter 
bestimmten  Verhaltnissen ,  vielleicht  sogar  im  Versuchswege  bei 
Amoeba  proteus  stabilisiert  werden  kOnnte,  oder  daB  derselbe  bei 
einem  andern  amObenartigen  Organismus  unter  nattirlichen  Verhalt- 
nissen  wirklich  vorkommt. 

Die  Analyse  von  einem  Lebenscyclus  solcher  Art  ver- 
spricht   tiberaus   anregend   auf  die  Losung  des  Ratsels  zu 
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wirken,  wie  mehrzellige  Organismen  nnd  deren  Geschlechts- 
zellen  entstanden  sind  und  welche  Bedentnng  den  Erschei- 
nnogen  znkommt,  die  bei  der  Reifung  der  Geschlechtszellen 
zntage  treten. 


Protokoll 

betreffend  die  tagliche  Beobachtang  der  kultivierten  Amoeba  proteus 

vom  21.  Dezember  1896   bis   znm  21.  Dezember  1897,    dann   vom 

21.  Dezember  1897  bis  zum  24.  August  1898,  und  enthaltend  s&mt- 

liche  zur  Beobaehtung  gekommene  Teilungen. 

I. 


Datum 

Teilang 

Datam 

Teilnng 

Datam 

Teilung 

21.  Dez.  1896 

21.  Januar 

21.  Februar 

22.     . 

22.       - 

IX. 

22.       - 

23.     - 

23.       . 

23.       - 

XIX. 

24.     - 

I. 

24.       - 

24.       - 

26.     - 

25.       - 

X. 

25.       - 

XX. 

26.     . 

26.       - 

26.       - 

27.     . 

n. 

27. 

27.       - 

XXI. 

28.     - 

28.       - 

XI. 

28.       - 

29.     - 

29.       - 

l.Marz 

xxn. 

30.     - 

30.       - 

2.     - 

xxm. 

31.     - 

31.       - 

3.     - 

1.  Jan.  1897 

m. 

1.  Februar 

xn. 

4.     - 

2.     - 

2.       - 

5.     - 

XXIV. 

3.     - 

3.       - 

6.      - 

4.     - 

4. 

xni. 

7.      - 

XXV. 

5.     - 

IV.       ; 

5.       - 

8.     - 

6.     . 

1 

6.       - 

9.      - 

XXVI. 

7.     - 

1 

7. 

XIV. 

10.     - 

8.     - 

i 

8.       - 

11.      - 

9.     - 

1 

9.       . 

12.     - 

XXVII. 

10.     - 

V. 

10.       - 

13.      . 

11.     - 

11.       - 

XV. 

14.      - 

xxvin. 

12.     - 

12.       - 

15.      - 

13.     - 

13.       - 

16.      - 

14.     - 

VL 

14.       - 

XVI. 

17.      . 

15.     . 

1 

15.       - 

18.      - 

XXIX. 

16.     - 

16.       - 

19.      - 

17.     - 

VII.       1 

17.       - 

XVII. 

20.      - 

XXX. 

18.     . 

18.       - 

21.      - 

19.     - 

vm.     ' 

19.       - 

1 

22.      - 

20.     - 

1 

i20.       - 

xvin.  1 

23.      - 
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Datum 

Teilnng 

Datum 

Teilnng 

Datum 

Teilnng 

24.  M&rz 

XXXT. 

11.  Mai 

LV. 

28.  Jnni 

LXXXTX. 

25.      - 

XXXTT. 

12.     - 

29.     - 

XC. 

26.      - 

13.     - 

LVL 

30.     - 

XCL 

27.     - 

xxxm. 

14.     - 

LJnK 

xcn. 

28.     - 

15.     - 

2.      - 

xcm. 

29.      - 

XXXIV. 

16.     - 

LVIL 

3.     - 

XCIV.  u. 

30.      - 

17.     - 

XCV. 

31.     - 

18.     - 

Lvm. 

4.      - 

1.  AprU 

XXXV. 

19.     - 

5.     - 

XCVI. 

2.     - 

20.     - 

LIX. 

6.      - 

xcvn. 

3.      - 

XXXVI. 

21.      . 

LX. 

7.      - 

4.      - 

22.     - 

LXL 

8.     - 

xcvni. 

5. 

XXXVII. 

23.     - 

Lxn. 

9.     - 

XCIX. 

6.      - 

24.     - 

10.     - 

c. 

7.      - 

xxxvni. 

25.      - 

Lxm. 

11.     - 

CI. 

8.      - 

26.     - 

12.     - 

CII. 

9.      - 

27.     - 

LXIV. 

13.     - 

10.      - 

XXXIX. 

28.      - 

LXV. 

14.      - 

cm. 

11.      - 

29.     - 

LXVI. 

15.     - 

12.      - 

30.      - 

16.      - 

CIV. 

13.      - 

XL. 

31.     - 

LXVU. 

17.      - 

CV. 

14.      - 

1.  Juni 

Lxvin. 

18.     - 

15.      - 

XU. 

2.     - 

LXIX. 

19.      - 

CVI. 

16.      - 

3.      - 

20.      - 

cvn. 

17.      • 

XLn. 

4.     - 

LXX. 

21.     - 

cvin. 

18.      . 

6.      . 

LXXI. 

22.     - 

CEX. 

19.      - 

6.     - 

Lxxn. 

23.     - 

ex. 

20.      - 

XLin. 

7.     - 

T.xxin. 

24.     - 

CXI. 

21.      - 

XLIV. 

8.     - 

25.     - 

22.      - 

9.     - 

LXXIV. 

26.     - 

cxn. 

23.      - 

XLV. 

10.     . 

LXXV. 

27.     - 

cxm. 

24.      - 

XLVI. 

11.     - 

LXXVI. 

28.      - 

CXIV. 

25.      - 

XLvn. 

12.     - 

29.      - 

cxv. 

26.      - 

13.     - 

LXXVU. 

30.     - 

27.      - 

14.      - 

Lxxvin. 

31.     - 

CXVI. 

28.      - 

XLvm. 

15.      - 

LXXIX. 

1.  AugOBt 

29.      - 

XLIX. 

16.      - 

2. 

CXVIL 

30.      . 

17.      - 

LXXX. 

3. 

cxvni. 

1.  Mai 

L. 

18.      - 

LXXXI. 

4. 

CXIX. 

2.     - 

LI. 

19.      - 

Lxxxn. 

5. 

H.     . 

20.      - 

Lxxxm. 

6. 

cxx. 

4.      - 

LII. 

21.      - 

7. 

CXXL 

5.      - 

22.      - 

Lxxxrv. 

8. 

cxxn. 

6.      - 

LIU. 

23.      . 

LXXXV. 

9. 

cxxm. 

7.      - 

24.      - 

10. 

CXXTV. 

8.      - 

LIV. 

25.      - 

LXXXVL 

11. 

CXXV. 

9.      - 

26.      - 

T-XXXVIL 

12. 

CXXVI. 

10.      - 

27.      - 

Lxxxvni. 

13. 

cxxvn. 
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IHtam 

Teilnng 

1        Datum 

1 

Teilnng 

Datum 

Teilnng 

14.  August 

cxxvin. 

27.  Sept 

CLIV. 

1 10.  Nov. 

15. 

CXXTX. 

28.     - 

CLV. 

11.     - 

CLXXIV. 

16. 

29.     - 

CLVL 

12.     - 

17. 

cxxx. 

30.     - 

13.     - 

18. 

CXXXT.       1 

1.  Oktober 

CLVn. 

14.     - 

19. 

CXXXTT. 

2.       - 

16.     - 

CT.XXV. 

20. 

CXXXITT. 

3.       - 

CLVIII. 

16.     - 

21. 

CXXXIV. 

4. 

CLIX. 

17.     - 

22. 

5.       - 

1 

18.     - 

23. 

6.       - 

CT.X. 

19.     - 

24. 

7. 

20.     - 

CLXXVI.  u. 

25. 

cxxxv. 

8.       - 

CLXI. 

CLxxvn. 

26. 

CXXXVI. 

9.       - 

21.     - 

27. 

10.       . 

22.      - 

28. 

CXXXVII. 

11.       - 

CLXII. 

23.      - 

CLXxvin. 

29. 

cxxxvm. 

12.       - 

24.      - 

30.        - 

13.       - 

CLxni. 

26.     . 

CLXXIX. 

31. 

CXXXTX. 

14.       . 

26.      - 

1.  Sept 

15.       - 

CLXIV. 

27.     - 

2.      - 

CXL. 

16.       . 

i28.      - 

CLXXX. 

3.      - 

CXTJ. 

17.       - 

CLXV. 

29.      - 

4.      - 

18.       - 

;3o.   . 

5.      - 

CXLII. 

19.       - 

CLXVI. 

'   1.  Dez. 

CLXXXI. 

6.      - 

20.       - 

1 

1 

2.     . 

7.      - 

cxLin. 

21.        - 

3.     . 

8.      - 

CXLIV. 

22.       - 

4.     - 

CLXxxn. 

9.      - 

1 

23.       - 

CLXvn. 

6.     - 

10.      - 

CXLV. 

24. 

6.     - 

11.      - 

25.       - 

CLXVIII. 

7.      - 

CLXxxni. 

12.      - 

CXLVI. 

26.       - 

8.     . 

13.      - 

27.       - 

i    9.      - 

14.      - 

CXLVII. 

28.       - 

CLXIX. 

110.      - 

CT.XXXIV. 

15.      - 

29.       . 

;  11-  ■ 

16.      - 

cxT.vm. 

30.       - 

112.      - 

17.      - 

31. 

CLXX. 

13.      - 

CLXXXV. 

18.      - 

CXLIX. 

1.  Nov. 

14.      - 

19.      - 

CL. 

2.     - 

1 

15.      - 

20.      - 

3.     - 

CLXXI. 

16.      . 

CT.XXXVI. 

21.      - 

CLI. 

4.      - 

17.      - 

22.      - 

6.     - 

18.      - 

23.      - 

6.      - 

19.      . 

CLXXXVII. 

24.      - 

CLII.            j 

7.      . 

CLXXII. 

20.      - 

25.      - 

CLIII. 

8.      - 

21.      - 

CLxxxvm. 

26.      . 

; 

9.      - 

CLXxm. 
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II. 


Datum 

Teilnng 

Datum 

Teilung 

Datum 

Teilung 

21.  Dez.  1897 

1 

4.  Februar 

21.  Marz 

XXXII. 

22.      - 

6. 

XV. 

22.     - 

23.     - 

6. 

• 

23.      - 

24.     - 

I. 

7. 

24.      - 

XXXIII. 

26.     - 

8. 

25.      - 

26.     - 

9. 

XVI. 

26.      - 

XXXIV. 

27.      - 

10. 

27.      - 

28.      - 

n. 

11. 

28.     - 

29.      - 

12. 

xvn. 

29.     - 

XXXV. 

30.      - 

13. 

30.      - 

XXXVI. 

31.     - 

III. 

14. 

31.     - 

1.  Jan.  1898 

15. 

1.  April 

XXXVII. 

2.     . 

16. 

2.     - 

3.      - 

IV. 

17. 

xvni. 

3.     - 

xxxvm. 

4.      - 

18.        - 

4.     . 

5.      - 

19. 

XIX. 

5.     - 

6.      - 

V. 

20.        . 

6.      - 

XXXIX. 

7.      - 

21. 

7.      - 

8.     - 

22. 

XX. 

8.      - 

9.      - 

VI. 

23. 

9.      - 

10.     . 

24. 

XXI. 

110.     - 

XL. 

11.      - 

VII. 

25. 

11.     - 

XLI. 

12.      - 

26. 

12.      - 

XLn. 

13.      - 

27. 

XXII. 

Il3.     - 

14.      - 

vm. 

28. 

14.      - 

15.      - 

1.  Marz 

|15.      - 

XLm. 

16.      - 

2.      - 

XXIII. 

16.      - 

17.      - 

IX. 

3.      - 

.17.      - 

XLIV. 

18.      - 

4.      - 

XXIV. 

,18.      - 

XLV. 

19.      - 

5.     - 

]19.     . 

20.      - 

X. 

6.      - 

XXV. 

!20.     . 

21.      - 

7.      - 

21.      - 

22.      - 

8.      - 

XXVI. 

|22.      . 

XLVL 

23.      - 

9.      - 

23.      - 

24.      - 

XL 

10.      - 

XXVII. 

124.      - 

26.      . 

11.      - 

1 

25.      - 

26.      - 

12.      - 

1 

26.      - 

27.      - 

13.      - 

xxvni. 

27.      - 

xLvn. 

28.      - 

XII. 

14.      - 

28.     - 

29.      - 

il5.      - 

XXIX. 

129.     - 

30.      - 

XIII. 

16.      - 

'30.      - 

XLVIIL 

31.      - 

,17.      - 

XXX. 

I.Mai 

1.  Februar 

18.     - 

1 

2.     - 

XLIX. 

2. 

XIV. 

,19.      - 

XXXI. 

3.     - 

3. 

,20.      - 

i   4.      - 

L. 
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Datum 

Teilnng 

1        Datum 

Teilung 

Datum 

Teilung 

5.  Mai 

LI. 

12.  Juni 

LXV. 

19.  Juli 

LXXXVII. 

6.     - 

13.      . 

20.     - 

7.     - 

LII. 

14.     - 

TXVI. 

21.      - 

Lxxxvm. 

8.     . 

16.     - 

LXVII. 

22.     - 

9.     . 

LIU. 

16.     - 

23.      - 

10.     - 

17.     - 

Lxvm. 

24.      - 

11.     - 

LIV. 

18.     - 

26.      - 

12.     - 

19.     - 

LXIX. 

26.      - 

13.     - 

20.      - 

27.      - 

14.     . 

21.      - 

LXX. 

28.      - 

LXXXIX. 

15.     - 

22.     - 

29.      - 

XC. 

16.     - 

LV. 

23.      - 

LXXI. 

30.     . 

17.     - 

24.      - 

31.     - 

XCL 

18.     - 

25.      - 

1.  August 

xcn. 

19.     . 

LVL 

26.     - 

LXXII. 

2. 

20.     - 

27.      - 

Lxxni. 

3. 

XCIII. 

21.     - 

28.     - 

4. 

22.     . 

29.      . 

LXXIV. 

6. 

XCIV. 

23.     - 

30.     - 

6. 

xcv. 

24.     - 

Lvn. 

LJuli    • 

LXXV- 

7. 

XCVL 

25.     - 

2.      - 

8. 

xcvn. 

26.     - 

3.     - 

LXXVI. 

9. 

XCVIII. 

27.     . 

4.     - 

10. 

XCIX. 

28.     - 

LVIII. 

6.     - 

T-xxvn. 

11. 

29.     - 

6.     - 

Lxxvni 

12. 

30.     - 

LIX. 

7.     . 

13.1)     - 

c. 

31.     - 

8.     - 

LXXIX. 

14. 

1.  Jani 

9.     - 

16. 

CL 

2.     . 

TX 

10.      - 

16. 

3.     - 

11.     - 

LXXX. 

17. 

4.     - 

LXI. 

12.      - 

LXXXT 

18. 

en. 

6.     - 

13.     - 

Lxxxn. 

19. 

6.     - 

Lxn. 

14.      - 

20. 

cm. 

7.     - 

16.      - 

LXXXIII. 

21. 

CIV. 

8.     - 

16.     - 

LXXXIV. 

22. 

9.     - 

LXIII. 

17.      - 

LXXXV. 

23. 

10.     - 

LXIV. 

18.      - 

LXXXVI. 

24. 

11.     - 

1 

1)  Am  13.  August  1898  wurde  als  Nahrung  eine  Infusorienkultur  benutzt, 
deren  Fliissigkeit  schon  im  Stadium  einer  zlemlich  weitgehenden  Zersetzung  sich 
befand.  Da  es  zu  befurchten  war,  daB  diese  Eultur  auf  das  Versuchstier  schad- 
Hch  einwiiken  kOnnte,  wurde  ein  zweites  Individuum  (Schwesterindividuum  des 
ersteren)  in  ein  andres,  h\oQ  mit  frischem  FluBwasser  gefiilltes  Gef'&Q  iiberfUhrt. 
Am  16.  d.  M.  wurde  das  Individuum  im  Uhrglas  nicht  mehr  vorgefunden,  daftir 
aber  blieb  das  zweite  im  CylindergefaB  erhalten  und  ging  inzwischen  eine  Tei- 
lung ein-  Von  da  ab  wurde  einer  von  den  Nachkommen  im  Uhrglas  wieder 
unter  den  tiblichen  Verhaltnissen  der  Eultur  weiter  gezuchtet 
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Verlag  von  Wllhelm  Engelmann  in  Leipzig 


Soeben  erschieu: 

Experiraentelle  Beitrage  zur  Morphologie 

herausgegcben  von 

Hermann  Brans  (Heidelberg) 

gr.  8 

L  Band,  1.  Heft 

Mit  3  Tafeln  itnd  18  Figurcn  im  Text 

Inhalt: 

Vorwort.  Die  Morphologie  als  historische  Wissenschaft.  Von  H.  Brans.  —  Ist 
die  Bildung  des  Skeletes  von  den  Muskelaulagen  abhangig?  Kine  experimen telle 
Untersuchung  an  der  Bnistflosse  von  Haiembryonen.  Mit  3  Tafeln  iind  18  Figuren 
im   Text.     Von   H.  Brans.      Sonderabdruck   aus    »Morphologi8ches   Jahrbuchc, 

Bd.  XXXV,  H.  1  u.  2; 

=   I?reis  -4r  Marie  == 

Die  »Experimcntelien  Beitrage  zur  Morphologic*  werden  in  zwanglosen  Heften 
erscheinen  nnd  Arbeiten  A'on  Prof.  Braus  und  seiner  SchQler  enthalten,  die 
im  allgemeinen  zunSchst  im  >Morpholog.  Jahrbuch«  zur  Veroffentlichung  gelangen 
sollen.  Daduroh  werden  die  Arbeiten  auch  denen  leiehter  zug&nglich,  die  dag 
>Morphologi8ehe  Jahrbuch*  nicht  halten,  und  ist  eine  groBere  Verbreitung  zu  er- 
hoffen. 
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Gegenstand  dieser  MitteiluDg  bilden  die  im  Protoplasma  dei* 
fdomyxa  und  anderer  amoebenartigeii  Organismen  sich  vorfindenden 
[and-  Oder  Quarzkorchen.  Ihre  Bedeutung  habeich  bei  der  Pelo- 
f^yxa  des  naheren  studiert  und  erstatte  dartiber  hiemit  kurzen 
pericht. 

Dass  diese  Sandkornchen  tatsachlich  QuarzkorDchen  oder  in 
Mmischer  Beziehung  Siliciumdioxyd  sind,  davon  dberzeugt  uns  die 
iach  den  gelttufigen  Methoden  durchgefahrte  Prdfuog  ibrer  physika- 
IseheD  und  cbemischen  Eigenschaften ;  der  Etii*ze  halber  will  ich  es 
^och  nicht  des  naheren  ausflihren. 

Diesen  Kornchen  muss  im  Leben  der  Pdomyxa  und  gewiss 
beh  im  Leben  anderer  amoebenartigen  Organismen,  bei  denen  sie 
Ich  vorfinden,  eine  wichtige  Rolle  zukommen.  Diese  Ansicht  schopfe 
diausmeinen  langjahrigen,  bei  der  Felomyo^a  gewonnenen  Erfahrungen. 
iei  derselben  kommen  die  Quarzkomchen  im  Protoplasma  standig 
or  uod  bilden  somit  einen  Bestandteil,  der  im  Protoplasma  stets  ein- 
inchlossen  ist.  —  Eine  Periode  natflrlich  ausgenommen,  die  mit  der 
brtfplanzungst&tigkeit  zusammenh&ngt.  Es  ist  dies  die  Encystations- 
eriode,  oder  jene  Periode,    im  welcher  die  SchutzhQlle  (Cyste)  ge- 
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bildet  ^ird,  und  dabei  der  Korper  der  Pelomyxa  in  mehrere  Telle  sich 
spaltet. 

•  Wie  ich  in  meiuer  diesbezliglichen  Mitteilung  '*')  bereits  dargelegt 
babe,  enthalt  der  Korper  der  zur  Bildung  von  Schutzhiille  sich  vor- 
bereitenden  Pelomyxa  weder  Nahrung  noch  Nahrungsreste,  sondem 
iiur  Kerne^  Glanzkorper  und  symbiotische  Bakterien.  Er  enthalt  daher 
auch  keine  Quarzkornchen,  und  wir  mtissen  annehmen,  dass  die  Sandkom- 
chen;  die  sich  frilher  im  Protoplasma  befanden,  vor  der  Encystation 
ansgeachieden  wurden,  und  wohl  unter  jenen  Teilchen  zu  finden  sind, 
die  der  ausseren^  schleimartigen  Partie  der  Schutzhiille  anhafteu. 

Ein  ejgentiimliches,  nach  unserer  Ansicht  mit  Riicksicht  auf  ihre 
Bedeutung  sehr  wichtiges  Verhaiten  zeigen  die  Quarzkornchen  wahrend 
der  Zeit,  wo  die  Pelomyxa  hungert.  Diese  Erscheinung  babe  ich 
bereits  in  meiner  Abhandlung  ilber  die  Verdauung  und  Bildung  von 
Kohlenhydraten  bei  Pelomyxa  erwahnt,  und  zwar  an  jener  Stelle**), 
wo  ich  das  Schicksal  von  Individuen  der  Pelomyxa  schildere,  die  in 
der  Natur  gesammelt  und  im  Kulturglas  solange  aufbewahrt  wurden, 
bis  in  demselben  die  Nahrung  ganzlich  erchopft  wurde. 

Wahrend  dieser  Periode  des  Hungerns  befinden  sich  die  Indivi- 
duen der  Pelomyxa  am  Boden  des  Kulturglases  im  Schlamme  ein- 
gesenkt,  ihr  Korper  ist  kugelformig  zusammengezogen,  von  blass- 
weisser  Farbe  und  unbeweglich.  Er  enthalt  weder  Nahrung  noch 
Nahrungsreste,  sondern  nur  Kerne,  erschopfte  Glanzkorper,  symbio- 
tische Bakterien  und  ein  en  K  lumpen  von  zusammengehauften 
Quarzkornchen. 

Wenn  die  Pelomyxa  hungert,  findet  bekanntlich  eine  sichtliche 
Agglutination  erschopfter  Glanzkorper  und  die  Agglutination  der  Keme 
statt.  Auch  die  Quarzkornchen  gruppieren  sich  dabei  zugleich  zo 
einer  Masse,  die  bei  grosseren  Exemplaren  der  Pelomyxa  schon  mit 
freiem  Auge  sichtbar  ist,  als  eine  kugelige,  vom  dem  tibrigen  blass- 
weissen  Korper  der  Pelomyxa  sich  unterscheidende  Masse. 

In  jenen  Exemplaren  der  Pelomyxa,  die  mit  Nahrung  versorgt, 
dem  Hungern  daher  nicht  ausgesetzt  sind,  fioden  sich  die  Quarzkornchen 
wiederum  zerstreut  im  Protoplasma  lagernd  vor. 


•)  Cber  die  Cystenbildunjg  hei  Pelomyxa.  (R^sumtl  des  bohm.  Textes) 
(Sitziiiigaberichte  der  kOnigl.  bohmischen  Gesellscbaft   der  Wisaenscbaftea,  1910.) 

*♦)  Beobachtungen  u.  Versuche  ttber  die  Verdauung  u.  Bil- 
dungder  Kohlenbydr  ate  bei  einem  amo  eben  artigen  Organismas, 
Pelomyxa  pal nstris  Greeff  (Zeitschrift  far  wissenschaftliche  Zooiogie,  68 
B.,  1900,  Seite  031;. 
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Es  ergibt  sich  nun  die  Frage,  ob  das  ebeoerwahnte  Zusammen- 
haufen  von  Quarzkornchen  derselben*  Reihe  von  Erscheinungen 
angehort;  wie  die  Agglutination  der  Glanzkorper  und  Kerne,  sowie 
verwandte  Erscheinungen  bei  der  Pelomyxa.  Schon  die  Beobachtung,  dass 
dieKanten  vieler  im  Protoplasma  der  Pelomyxa  befindlichen  Quarzkorn- 
chen abgestumpft  sind,  lasst  darrauf  schliessen,  dass  die  Kornchen  zur 
Zeit,  wo  sie  sich  im  Protoplaama  befinden,  irgend  welcUen  Verande- 
rungen  unterworfen  sind. 

Wir  nebmen  an,  dass  im  Protoplasma  der  Pelomyxa  ein  Stoff 
Torkommt,  welcher  durch  die  oberfl&chlichen  Teile  der  Quarzkornchen 
absorbiert  wirdund  mitderHilfe  eines  anderen,  ebenfallsim  Protoplasma 
der  Pelomyxa  befindlichen  Stoffes  die  Quarzkornchen,  wenn  auch  in 
minimalem  Masse,  auflost. 

Wir  nehmen,  praeziser  gesagt,  an,  dass  sich  im  Protoplasma  der 
Pelomyxa  ein  Ferment,  eine  Silikane  befindet,  welche  in  einem  Milieu 
wirkt,  das,  wie  wir  in  einer  der  nachsten  Mitteilungen  beweisen 
wollen,  von  sauerer  Reaction  ist. 

Die  Wirkung  dieser  Silikase  besteht  in  einer  Auflosung  der 
oberflachlichen  Teile  der  Quarzkornchen,  indem  sich  n&mlich  durch 
einen  Hydratationsprozess  aus  dem  Siliciumdioxyd  Kieseld&nre  bildet, 
welche  im  aufgelosten  Zustande  vom  Protoplasma  resorbiert  und  von 
den  Molekdlen  der  lebenden  Materie  gebunden  wird. 

Es  entsteht  nun  die  weitere  Frage,  welchen  Zweck  diese  Auf- 
losung der  Quarzkornchen  im  Protoplasma  der  Pdomyxa  und  die 
Bindung  des  Produktes  dieses  Auflosungsprozesses  an  die  Molektlle 
der  lebenden  Materie  hat.  Wir  mtissen  annehmeU;  dass  sich  die  Pda- 
myxa  auf  diese  Weise  ein  Material  vorbereitet,  welches  eine  Yorstufe 
darstellt,  aus  welcher  bei  anderen  Sarcodinen  entweder  die  aussere 
Eieselhulle  (das  aussere  Kieselskelett),  beziehungsweise  das  ionere 
Eieselskelett  gebildet  wird.  Dieses  Material  bildet  also  bei  der  Pelo- 
myxa,  einem  der  Reprasentanten  der  niedrigsten  Sarcodinen,  die 
Yorstufe  des  Eieselskeletts  oder  der  Kieselbtille  und  dient^  an  die 
Molekule  der  lebenden  Materie  gebunden,  dem  Protoplasma  als  Schutz, 
in  dem  er  demselben  grossere  Festigkeit  verleiht. 

Das  Vorhandensein  eines  im  Protoplasma  der  Pelomyxa  auf 
einen  so  schwer  auflosbaren  StoiT,  wie  es  das  Siliciumdioxyd  ist, 
wirkenden  Ferments  wird  uns  nicht  so  sonderbar  erscheinen,  wenn 
wir  die  verschiedenen  Fermente  ins  Auge  fassen,  welche  das  Proto-! 
plasma   der  Pelomyxa  enth&lt,  unter   denen,   wie   ich  in  meiner  Ab- 
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handlung  ttber  die  Verdauung  uird  Bildung  von  Kohlenhydraten  bei 
Pdomyxa  dargelegt  habe,  £ch  auch  ein  Ferment  befindet,  welches 
auf  einen  organischen,  sehr  schwer  auflosbaren  Stoff,  namlich  die 
Cellulose  wirkt.  Zur  Zeit,  wo  die  Pdomyxa  hungert,  bedarf  das  Proto- 
plasma  augenscheinlich  eines  ausgiebigeren  Schutzes.  Hiedurch  wird 
eine  erhohte  Tatigkeit  der  Silikase  hervorgerufen,  die  sich  darin  aus- 
sert,  dass  ein  Zusammenbaufen  von  Quarzkornchen  stattfindet,  eine 
Erscheinung,  welche  zu  derselben  Reihe  von  Erscheinungen  gebort,  Vie 
die  gleichzeitig  mit  dieser  Enscheinung  bei  der  Pdomyxa  vorkommende 
sichtliche  Agglutination  von  erschopften  Glanzkorpern  and  von 
Kernen. 

Zur   Zeit   der  Encystation  (der  Bildung  von   SchutzhQlle)   ist 
]^}  das  Vorhandensein  der  Quarzkornchen  im  Protoplasma  der  Pelomyxa 

tiberflfissig.  Der  Schutz  des  Protoplasmas  ist  auf  eine  andere  Art 
gesichert,  namlich  durch  Bildung  einer  doppelten,  chitin-  und  schleim- 
artigen  SchutzhfUle.  Diese  Hiille  ist  aus  einer  organischen^  vom  Proto- 
plasma ausgeschiedenen  Materie  entstanden  und  ist  ausserdem  viel- 
leicht  noch  verdichtet  durch  eine  unorganische  Materie^  durch  eine 
Siliciumverbindung,  die  entstanden  ist  vom  Material,  das  durch  die 
^}-  vermittelnde  Tatigkeit   der  Silikase   an  die  Molekille    der  lebenden 

^'.  Materie  gebunden  wurde. 

Wir  wollen  die  Ergebnisse  dieser  Mitteilung  in  folgende  Satze 
\  zusammenfassen. 

\  Es  ist  hochst  wahrscheinlich,  dass  im  Protoplasma  der  Pdomyxa 

^  und  auch  bei  anderen  amoebenartigen  Organismen  sich  neben  anderen 

^  Fermenten  ein  besonderes  Ferment,    Silikase,   befindet,   welches  auf 

'\  \  die   im  Protoplasma  lagernden   Quarzkornchen  einwirkt   und  dessen 

[.  !  Wirksamkeit  von  einer,  der  iotracellularen  Agglutination  analogen  Er- 

|:  •  scheinung  begleitet  ist. 

Dieses  Ferment  lost,  wenn  auch  in  minimalem  Masse,  die  Quarz- 
kornchen auf;  aus  Siliciumdioxyd  wird  im  Wege  der  Hydratation 
Eieselsaure  gebildet,  welche  vom  Protoplasma  resorbiert,  als  ein  das 
Protoplasma  schUtzendes  und  verdichtendes  Material  wirkt  und  auf 
diese  Weise  eine  Vorstufe  der  KieselhQlle  oder  des  Kieselskeletts 
bildet. 

Die  lebende  Materie  der  Organismen  kann  also  eine  Silicium- 
verbindung  auf  zweifache  Art  anpassen  oder  assimilieren :  entweder 
erhalt  sie  das  Siliciummaterial  unmittelbar,  d.  h.  im  Milieu,  in  dem 
sie  lebt,  bereits  aufgelost,  oder  sie  erhalt  es  durch  die  vermittelnde 
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Tatigkeit  eines  besonderen  Fennentes,  welches  aus  fester  Siliciam- 
TerbinduDg,  aus  Siliciumdioxyd,  beziehuogsweise  aus  einer  anderen 
Modifikation,  die  im  aufgelosten  Zustande  befindliche  Kieselsaure 
bildet,  welche  vom  Protoplasma  resorbiert,  an  die  MolekQie  der  le- 
bendeu  Materie  gebunden  wird.  Die  assimilierte  Siliciumverbindung 
bleibt  entweder  in  dauerndem  Zusammeohaoge  mit  dem  Protoplasma, 
indem  sie  auf  diese  Weise  eiue  Vorstufe  des  Skeletts  oder  der  Hiille 
bildet,  wie  es  bei  der  Pdomyza  der  Fall  ist,  oder  sie  spaltet  sich 
▼om  Protoplasma  ab  und  bildet  auf  diese  Weise  die  Eussere  Kiesel- 
hfllle  (das  &ussere  Eieselskelett),  beziehuogsweise  das  innere  Eiesel- 
skelett. 
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Uber  die  intracellulare  Agglutination  und  verwandte 

Erscheinungen  bei  Pelomyxa  und  anderen  amoe- 

benartigen  Organismen. 

IV.  Mitteilung. 

Von 
Antonin  Stole. 

Vorgelegt  in  der   Sitzung  am  16.  Dezember  1911. 


Gegeiistand  dieser  Mi  t  teilung  ist  d  er  Versuch,die 
chemische  Bes  chaff  en  heit  desMilieusim  Protoplasinader 
Pe  1 0  m  y  X a  z  u  b  e s  t  i m m  e  n. 

Ich  hielt  es  fiir  zweckmassig,  die  chemische  Reaktion  im  Proto- 
plasma  der  Pelomyxa  zu  untersucben,  um  die  Natur  des  intracellu- 
laren  Agglutinins  und  Lysins,  sowie  die  Art  ihrer  Wirkungsweise  im 
Protoplastna  der  Pelomyxa  einigermassen  beleuchten  zu  konneu. 

Ich  nabm  eine  Auzahl  von  Stofifen  bestimmter  chemischer  Zu- 
sammensetzung,  brachte  dieselben  in  den  Korper  der  Pelomyxa  und 
verfolgte  hierauf  genau  ihr  Verhalten  im  Protoplasma  der  Pelomyxa. 
Auf  diese  Weise  wurde  eine  Reihe  von  Versuchen  vorgenoramen,  die 
ich  hier  des  naheren  uicht  erortern  will;  das  Ergebnis  dieser  Ver- 
suche  bildete,  wie  ich  zugleich  bemerke,  die  Vorbereitung  zum  Haiipt- 
versuche,  der  die  Entscheidung  briugen  sollte. 

Zu  diesem  Versuche  beniitzte  ich  als  Versuchsmaterial  einen 
bestimmten  FarbstoflF,  namlich  die  Base  des  Neutral  rot.  Diese 
Base  bildet  gelbbraune  Nadeln,  welche  bei  normaler  Temperatur  im 
oeutralen  oder  alkalischen  Milieu  keine  Veriinderung  aufvveisen,  wohl 
aber  im  ge  eigne  ten  saueren  Milieu.  Ira  geigueteu  sauereu  Milieu 
losen  sich  namlich  diese  Nadeln  aul,  die  Base  verbindet  sich  mit  einem 
Stoffe  saueren  Charakters,  welcher  tlas  Wesen  des  Milieus  bildet.  Auf 

Silzber.  d.  k6n.  bOhm.  Ges.  d.  Wiss.    I.  Clnsse.  1 
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diese  Weise  ensteht  eine  Salzverbindung,  das  Salz  dieser  Base,  wel- 
ches  als  roter  Farbstoflf  erscheint. 

Der  Hauptversuch  wuvde  auf  folgende  Weise  vorgenommen: 
Ich  nahm  eine  Anzabl  von  Exemplaren  der  Pdomyxa^  die  in 
einem  grossen  Versuchsglase  gezuchtet  waren,  wie  ich  dies  inmeiner 
AbhandluDg  „Ueber  die  Verdauung  und  Bilduug  von  Eoh- 
lenhydraten  bei  PeZomyxaetc."*)  beschrieben  habe.  Eine  Anzahl 
dieser  Exemplare  wurde  in  einem  niedrigen  Glasgefass  isoliert,  andere 
dagegenineinemschmalenGlasgefass^also  auf  eine  Art,  wie  ich  es  in  der 
eben  angefiihrten  Abhandlung  (S.  635)  erwahne.  Diese  Gefasse  waren  schon 
Mher  mit  Wasser  aus  dem  grossen  Versuchsglase  gefQllt  worden  und 
zu  den  darin  befindlichen  Exemplaren  der  Pdomyxa  wurdeu  Na- 
deln  der  Base  des  Neutralrot  hinzugeftigt.  Hierauf  wurden  beide  Ge- 
f&sse  in  das  grofie  Yersuchsglas  getaucht;  wo  sie  eine  Stunde  ver- 
blieben.  Den  Exemplaren  der  Pelomyxa  wurde  so  die  Moglichkeit 
gegeben,  sich  der  Nadeln  des  FarbstoiFes  zu  bemachtigen  und  die- 
selben  in  ihrem  Protoplasma  einzuschliessen.  Nach  Ablauf  dieser  Zeit 
wurden  die  Gefasse  wieder  aus  dem  grofien  Versuchsglas  heraus- 
genommen  und  die  in  demselben  isolierten  Exemplare  der  Pelomyxa 
wurden  dann  mikroskopisch  untersucht. 

Ich  konstatierte,  dass  dieselben  im  Laufe  der  eben  angeftlhrten 
Zeit  einen  Teil  des  ihnen  gebotenen  FarbstojfFes  aufgenommen  haben. 
In  ihrem  Korper  fand  ich  zahlreiche,  im  Protoplasma  dicht  einge- 
schlossene  Nadeln  des  Neutralrot.  Beide  Gefasse  wurden  sorgflltigst 
gereinigt  und  mit  Flusswasser  gewaschen;  hierauf  wurden  sie  mit 
Wasser  aus  dem  grossen  Versuchsglase  gefullt  und  sodann  wurden  in 
denselben  wieder  Exemplare  der  Pelomyxa  isoliert,  die  aufgenom- 
mene  Nadeln  des  Farbstoffes  enthielten.  Schliesslich  wurden  die  bei- 
den  Gefasse  in  das  grosse  Versuchsglas  gctaucht  und  darin  24  Stunden 
belassen.  Nach  dieser  Zeit  wurden  die  isolierten  Exemplare  der  Pelo- 
myxa abermals  untersucht.  Schon  mit  freiem  Auge  konnte  ich  sehen, 
dass  dieselben  gefiirbt  sind.  Ihr  Korper  erscheint  in  hellem  Ziegelrot. 
Eine  geiiaue  mikroskopische  Untersuchung  ergibt  dann,  dass  das  Pro- 
toplasma diflfus  rot  gefiirbt  zu  sein  scheint,  was  auf  die  rote  F&r- 
bunji:  der  feinen,  im  Protoplasma  enthaltenen  Kornchen  zurtickzuftthren 
ist.  Gefarbt  sind  ausserdem  auch  verschiedene,  im  Protoplasma  verstreut 


♦)  Beobach  tiiuge  n  und  Versuche  liber  die  Ver  da  uung  und 
Bildung  der  Kohlenhydrate  bei  einem  amoebenartigen  Orga- 
nismiis,  Pelomyxa  palustris  Greeff.  (Zeitschrift  fftr  wissenschaftliche 
Zoologie,  Bii.   LXVIIL,  1900,  S.  r,3l  ii.  f.) 
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elDgeschlossene  und  dera  Verdauungsprozess  unterworfene  Nahrungs- 
partikelchen.  Im  Protoplasma  finden  wir  welters  noch  Nadeln  des 
aufgeuommeneu  FarbstoflFes,  jedoch  in  viel  gerlDgerer  Zahl  als  sie  zuerst 
gefunden  wurden.  An  den  Nadeln  sind  Auflosungserscheinungen  be- 
merkbar,  und  an  einigen  derselben  sind  Vacuolen,  erfullt  mit  einer 
klaren,  durchsicbtigen  Flussigkeit,  ganz  deutlich  zu  erkennen.  Die 
Vacuolen  sind  kugelformig  oder  in  die  Lange  gezogen,  (an  beiden 
Enden  verjiingt)  und  umschliessen  entweder  ein  Ende  der  Nadel  oder 
deren  mittleren  Teil. 

Die  im  oben  geschilderten  Zustande  voigefundenen  Exemplare 
der  Pdomyxa  wurden  abermals  in  beiden  Gefassen  isoliert,  und  diese 
Gefasse  verblieben  in  dem  grossen  Versucbsglase  3mal  24  Stunden. 
Nach  Ablauf  dieser  Zeit  ergab  eine  neuerliche  Untersuchung  von 
Exemplaren  der  Pelomyxa  bereits  den  vollstandigen  Verlust  ihrer 
Farbung.  Bei  genauer  mikroskopischer  Untersuchung  fand  ich  in  ihrem 
Korper  nicht  eine  Spur  mehr  von  Nadeln  des  Farbstoflfes,  und  das 
Aussehen  des  Protoplasma  ist  wieder  dasselbe  wie  vor  der  Aufnahme 
der  Nadeln  des  Farbstoffes. 

Kurze  Zeit  darauf  wiederholte  ich  den  Hauptversuch  in  einer 
bloss  in  Nebenumstanden  etwas  abgeanderten  Form.  Das  Resultat  stimmte 
aber    voUkommen   mit  dcmjenigen   des    frtiheren    Versuches  iiberein. 

Aus  dem  hier  angefiihrten  Hauptversuche  geht  hervor,  dass  das 
Protoplasma  derPeloniyxa  ein  sa  ueres  Ageus  enth  alt. 
Dieses  Agens  befindet  sich  im  Milieu,  welches  die 
Molekale  des  lebenden  Protoplasmas  umschliesst, 
undes  verleihtdem  Milieu  einen  bestimmten  che- 
mischen  Charakter,  namlich  den  Charakter  der  saue- 
ren  Reaktion.  Die  von  der  Pelomyxa  aufgenommeneu  Nadeln  der 
Base  des  Neutralrot  werden  im  Protoplasma  durch  dieses  Agens  auf- 
gelost.  Dieses  Agens  vereinigt  sich  mit  der  Bast,  es  entsteht  eine 
Verbindung,  die  in  den  Vacuolen  enthalten  ist,  welche  die  der  Auf- 
losung  unterworfenen  Nadeln  des  Farbstotfes  umschliessen,  und  die 
in  das  die  Molecule  des  lebenden  Protoplasmas  umschliessende  Milieu 
gelangt  und  hier  das  Material  darstellt,  durch  welches  die  im  Proto- 
plasma der  Pdomyxa  enthaltenen  Kornchen  sowie  die  im  Korper  der 
P«iomya?abefindlichen,dem  Verdauungsprozesse  unterworfenen  Nahrungs- 
partikelchen  gefarbt  werden. 

Im  Laufe  der  Zeit  findet,  wie  aus  dem  Versuche  ersichtlich  ist, 
die  Entftrbung  der  Kornchen  und  Nahruugspartikelchen  dadurch  statt, 
dass  der  FarbstoflF  aus  dem  Korper  der  Pelomyxa  ausgeschieden  wird. 
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Der  Korper  der  Pelomyxa  enthalt  ve  rschie  dene 
Fermente,  die  ihre  T&tigkeitnur  uuter  MitwirkuDg 
eines  Milieus  von  bestimmter  chemischer  R  ea  kt  i  on 
entfalten  konneii.  Wir  mfLssen  also  annehmen,  dass 
die  Fermente,  von  denen  wir  voraussetzen,  das  sie  in 
eigenem  Protoplasma  wirken,  wie  es  zum  Beispiel  bei 
der  Silikase  der  Fall  ist,  die  wir  in  unserer  fruheren 
Abhandlung  erwahnten,  im  Milieu  wirken,  dessen  Cha- 
rakter  durch  den  frflher  erwahnten  Hauptversuch  als 
s  aue  r  b  estimmt  w  ir  d.  In  diesem  Milieu  sollen  auch 
intracellulare  Agglutinine  und  Lysine  ihre  Wirkung 
aussern,  und  es  ist  hochst  wahrs  cheinlich,  dass  auch 
sie  sich  in  ihrer  Zusammensetz  ung  als  kompliziert 
erweisen  werden. 
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Uber  die  Teilung  des  Protoplasmas 
im  mehrkernigen  Zusiande. 

Nach  den  Untersuchungen  an  mehrkernigen  Formen 
der  Amoeba  proteus. 

Von 
Antonin  Stole. 


Eingegangen  am  8.  Mai  1905, 

Diese  Arbeit  stellte  sich  zur  Aufgabe,  auf  Grund  der  Beobach- 
tungen  und  Experimente  zu  nntersuchen,  wie  sich  die  Verhaltnisse  der 
Zellkerne  und  des  Protoplasmas  gestalten,  weun  letzteres  sich  teilt. 

Ein  hierzu  geeignetes  Material  fand  ich  in  den  mehrkernigen 
Formen  der  Amoeba  proteiis.  Ich  kultivierte  die  betreffenden  Amoben 
in  kleinen  GlasgefaBen  von  zylindrischer  Gestalt,  welche  mit  FluB- 
wasser  angeflillt  waren.  Diesem  wurden  als  Nahrung  fllr  die  Am5ben 
die  in  besonderen  Kulturen  gezlichteten  Infusorien  hiuzugefUgt.  Jeden 
Tag  oder  in  langeren  Zeitpausen,  nachdem  ein  Tail  des  Kulturwassers 
weggenommen  und  mit  frischem  Wasser  ersetzt  wurde,  fUgte  ich  neue 
Nahrimg  hinzu, 

Unter  solchen  Umstanden  vermehrten  sich  die  Amoben  in  der 
Kegel  eifrig,  wahrend  in  den  Ulteren  Kulturen  zeitweilig  ziemlich 
biiufig  mehrkernige  Formen  auftraten.  Gewohnlich  waren  letztere 
schon  auf  den  ersten  Blick  als  solche  zu  erkennen,  da  sie  in  der 
Kegel  groBer  sind  als  die  einkernigen  Formen.  Am  htiufigsten  kamen 
zweikernige,  minder  haufig  drei-  oder  yierkernige  Individuen  zum 
Vorschein.  Mit  den  ersteren  konnten  deshalb  die  meisten  Unter- 
suchungen ausgefUhrt  werden. 

In  der  Mehrzahl  von  Fallen  teilten  sich  die  mehrkernigen  For- 
men, nachdem  sie  im  FluB wasser  nach  Hinzugabe  der  Kahnmg 
isoliert  und  weiter  kultiviert  wurden.  Zu  diesem  Zwecke  wurde  dann 
gewohnlich  Wasser  nebst  Nahrung  tiiglich  erneuert. 
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Darauf  griindete  ich  meine  Untersuchungen,  indern  ich  zugleich 
bestrebt  war,  einerselts  in  verscbiedenen  Jabreszeiten  zii  operiercD, 
anderseits  eine  moglicbst  lange  Beobacbtungsreibe,  vom  Jahre  1897 
bis  Ende  1904,  zu  gewinneu. 

Was  die  Kultur  der  mebrkernigen  isolierten  Formen  betrilft,  so 
fand  dieselbe  in  UbrgUisern,  ausgeboblten  Objektgliisein  {Hoblglas- 
chen),  oder  in  Zylinderglaschen  statt.  Die  betreflfenden  Objekte 
warden  jeden  Tag  unter  dem  Mikroskop  durchgesehen,  wobei  Aus- 
nahmen  von  dieser  Kegel  an  den  bezUglichen  Stellen  des  Textes 
angemerkt  sind. 

Nacb  dem,  was  iiber  die  Vermehrung  der  Protozoen  im  Zustande  der 
Vielkernigkeit  bislang  bekannt  ist,  waren  bei  den  mebrkernigen  For- 
men der  Amoeba  profeiis  folgende  Teilungsmodifikationen  zu  erwarten : 

1)  Protoplasmateiiung  obne  gleicbzeitige  Kernteilung. 

2)  Protoplasmateiiung  mit  gleicbzeitiger  Teilung  aller 
Kerne. 

3)  Protoplasmateiiung  mit  gleicbzeitiger  Teilung  eines 
Bruchteils  der  gesamten  Kerne. 

In  bezug  auf  die  zu  erwartenden  Falle  mogen  bier  die  betref- 
fenden  Untersucbungsresultate  angefubrt  und  in  bestimmte  Gruppen 
geordnet  werden. 


I. 

A.  Ein  zweikerniges  Individuum  in  einem  ausgeboblten  Ob- 
jekttrager  seit  31.  Oktober  1898  kultiviert,  erscbeint  am  3.  Novem- 
ber d.  J.  in  zwei  einkernige  Individuen  geteilt. 

B.  Ein  zweikerniges  Individuum  seit  25.  April  1900  im  Holil- 
glascben,  seit  30.  April  d.  J.  im  Ubrglas  kultiviert,  erscbeint  am  1.  Mai 
d.  J.  in  zwei  einkernige  Tocbteriudividuen  geteilt. 

C.  Ein  zweikerniges  Individuum  wurde  vom  21.  Juni  1901  an 
im  Ubrglas  gezllcbtet.  Es  besaB  ungleicbe  Kerne^  von  denen  der 
eine  kleiner,  liusenformig,  bikonkav,  der  andre  groBer,  tief  einge- 
kerbt  war.  Am  23.  Juni  d,  J.  fand  icb  zwei  einkernige  Nach- 
kommen  vor,  deren  Kerne  nocb  deutlicb  die  ursprungliche  Form  und 
Grofie  (wie  im  Mutterindividuura)  besaBen. 

ScbluBfolgerung.  Aus  den  ebeu  angefuhrten  Fallen  ergibt 
sicb  eine  von  der  Kernteilung  nicbt  begleitete  Plasmateilnng.  so  daB 
der  Vorgang  also  dem  in  der  Einleitung  sub  1  bezeichneten  T^^piis 
entspriebt. 
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II. 

A.  Ein  zweikerniges  Individuum,  seit  24.  April  1898  im  Uhr- 
glas  geztichtet,  erschien  am  27.  April  in  drei  Individuen  geteilt,  von 
denen  zwei  kleiner,  einkernig,  das  dritte  gr5Ber,  zweikernig 
-war.  Fortgesetzte  separate  Kultur  des  letzteren  ergab  am  25.  Mai  d.  J., 
daB  die  Am5be  eine  kurze  Zeit  vorher  zugrunde  gegangen  sein  muBte, 
da  im  Kulturwasser  von  dem  betreflfenden  lebenden  Objekte  nichts 
mehr  ausfindig  gemacht  werden  konnte. 

B.  Ein  zweikerniges  Individuum,  seit  10.  Juni  1898  im  Uhr- 
glas  geztichtet,  erschien  am  22.  Juni  d.  J.  in  vier  einkernige 
Tochterindividuen  von  ungleicher  GrOBe  geteilt. 

C.  Ein  zweikerniges  Individuum,  vom  5.  Oktober  1898  an  im 
Uhrglas  kultiviert,  ergab  am  7.  Oktober  d.  J.  drei  Nachkommen,  zwei 
kleinere  einkernige  und  einen  gr5Beren  zweikernigen. 

Letzterer,  ftir  sich  allein  in  Kultur  genommen,  erschien  am  9.  Ok- 
tober in  vier  einkernige  Tochterindividuen  geteilt. 

D.  Ein  zweikerniges  Individuum,  welches  seit  12.  April  1900 
im  Uhrglas  kultiviert  wurde,  erfuhr  eine  Vierteilung,  indem  am 
16.  April  d.  J.  an  seiner  Stelle  vier  einkernige  Nachkommen  sich 
vorfanden.   Von  diesen  waren  zwei  viel  kleiner  als  die  beiden  andem. 

E.  Langere  Beobachtungsreihe.  Ein  zweikerniges  Individuum, 
seit  20.  April  1900  im  Uhrglas  kultiviert,  erschien  am  21.  April  d.  J. 
in  drei  Tochterindividuen  geteilt,  von  denen  zwei  einkernig,  das 
dritte  zweikernig  war. 

Letzteres,  separiert  und  weiter  kultiviert,  ergab  am  25.  April 
drei  Nachkommen,  zwei  einkernige  und  einen  zweikernigen. 

Dieser,  flir  sich  allein  gezUchtet,  erfuhr  ebenfalls  eine  Dreitei- 
lung,  indem  am  30.  April  abermals  zwei  einkernige  und  ein  zwei- 
kerniges Tochterindividuum  im  Uhrglas  zum  Vorschein  kamen. 

Nachdem  noch  das  letztgenannte  zweikernige  Individuum  unter 
denselben  Bedingungen  ftlr  sich  weiter  kultiviert  wurde,  erschienen 
schlieBlich  (am  5.  Mai)  vier,  samtlich  einkernige  Nachkommen. 

F.  Ein  zweikerniges  Individuum,  seit  21.  April  1900  im  Uhr- 
glas geztichtet,  ergab  am  23.  April  d.  J.  vier  neue  Individuen  mit 
je  einem  Kern. 

G.  Ein  zweikerniges  Individuum,  welches  seit  22.  April  1900 
im  Hohlglaschen,  vom  23.  bis  zum  24.  April  d.  J.  jedoch  im  Uhrglas 
kultiviert  wurde,  erfuhr  ebenfalls,  wie  die  am  24.  April  stattgefundene 
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Untersuchung  ergab,  eine  Vierteilung,   deren   Produkte  alle  ein- 
kernig  waren. 

H.  Ein  zweikerniges  Individuum,  seit  24.  April  1900  im  Uhr- 
glas  geztichtet,  lieB  am  25.  April  statt  seiuer  vier  Nachkommen  wahr- 
nehmen,  welche  samtlich  je  eiuen  Kern  fiilirten. 

L  Ein  zweikerniges  Individuunij  welches  seit  25,  April  190!) 
in  einer  Uhrglaskultur  sick  befand,  wurde  am  27.  April  d.  J.  in  einer 
von  den  bisherigen  abweicbendeu  Weise  geteilt  vorgefunden.  Man 
sab  niimlicb  zwei  Individuen,  von  denen  das  eine  klein  und  ein- 
kernig,  das  andre  groB  und  dreikernig  war. 

K.  Ein  zweikerniges  Individuum,  vom  7.  Mai  1900  an  im  Uhr- 
glas  gezlicbtet,  ersehien  am  9.  Mai  d.  J.  in  drei  Tochterindividuen  ge- 
teilt. von  denen  zwei  kleinere  als  einkernig,  das  dritte,  groBere. 
als  zweikernig  sicb  erwieseu. 

L.  Ein  zweikerniges  Individuum,  seit  29.  September  1903  im 
Zylinderglaseheu  kultiviert,  ersehien  am  1.  Oktober  d.  J.  in  drei 
Tochterindividuen  geteilt,  von  welehen  zwei  einkernig,  das  dritte 
zweikernig  war. 

Letzteres  alleiu  wurde  abermals  in  Kultur  genommen,  wobei  am 
2.  Oktober  d.  J.  Nahrung  (nicht  jedoch  frisches  Wasser)  ausblieb.  Da 
am  4.  Oktober  d.  J.  das  Objekt  im  Wasser  nicht  mehr  aufzufinden 
war,  so  muB  ich  aunehmen,  daB  es  zugrunde  gegangen  ist. 

M.  Ein  zweikerniges  Individuum  nahm  ich  seit  9.  Oktober  1903 
in  Kultur.  In  dem  betreffeuden  Kulturglaschen  (Zyliudergliischen)  hat 
es  zwar  anfougs  wenig  Nabrung  aufgenommen,  doch  ersehien  es  am 
19.  Oktober  d.  J.  mit  dieser  augefUllt 

Nachdem  am  12.  Oktober  d.  J.  sowohl  die  sonst  tlbliche  Unter- 
suchung, als  auch  Hinzugabe  von  frischem  Wasser  nebst  Nahrung 
ausgebliebeu  ist,  faud  ich  am  20.  Oktober  d.  J.  das  Objekt  in  vier 
einkernige  Tochterindividuen   getrennt. 

N.  Ein  zweikerniges  Individuum  wurde  seit  19.  September  1903 
im  Zylinderglaschen  geztichtet.  Am  19.  und  16.  September  d.  J.  unter- 
blieb  zwar  die  Keuhiuzugabe  von  Xahrung,  aber  nicht  die  Emeuerung 
des  Kulturwassers.  Am  23.  September  d.  J.  konnte  ich  eine  Drei- 
teilung  direkt  beobachten,  der  zwei  uugleich  groBe,  einkernige, 
und  ein  zweikerniges  Tochterindividuum  entstammteu.  Die  neu 
entstandenen,  gleich  nach  der  Teilung  untersuchten  Kerne  erschieneii 
Uberaus  fein  irekorut. 
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Der  zweikernige  Descendent,  nachdem  er  sofort  in  Kultur  ge- 
nommen  wurde,  erschien  am  29.  September  d.  J.  in  vier  einkernige 
Tochterindividuen  geteilt,  von  denen  drei  anniihernd  gleich  groB,  das 
vierte  kleiner  war  nls  die  andern. 

Bemerkung.  Ich  habe  des  oftern  Vermehrung  von  Amoeba 
proteiis  durch  Teilung  direkt  verfolgt.  Die  hierbei  zutage  tretenden 
Erscheinungen  beabsichtige  icb  bei  einer  andern  Gelegenbeit  aus- 
fixhrlieher  zn  schildern.  Hier  mag  nnr  soviel  angefiihrt  werden,  daB 
der  Kern  vor  seiner  Teilung  grob  gekornt  erscbeint,  indem  die  Chro- 
matinelemente  dieses  Aussehen  bedingen.  Bei  Beginn  der  Teilung 
wird  der  Kern  fast  hyalin  flUssig^  die  neu  entstandenen  Tochterkerne 
erseheinen  danu  anfangs  auBerst  feinkoniig. 

SebluBfolgerung.  Aus  den  angefUhrten  Fallen  (A  bis  M),  be- 
sonders  aber  aus  der  Beobachtnng  N,  ergibt  sich,  daB  Uberall  eine 
Protoplasmateilung  gleicbzeitig  mit  der  Teilung  samtlicber  Kerne 
stattgefunden  haben  muBte,  daB  also  mehrkernige  Formen  von  Amoeba 
protmis  aucb  nach  dem  sub  2  in  der  Einleitung  charakterisierten  Typus 
sich  zn  teilen  vermogen. 


I' 


III.      ■ 

A.  Ein  zweikerniges  Individuum,  seit  2.  Mai  1900  im  Uhrglas 
geztichtet,  erschien  am  4.  Mai  d.  J.  in  ein  einkerniges  und  ein 
zweikerniges  Tochterindividuum  geteilt.  Letzteres  wurde  zwar 
sofort  allein  fUr  sich  kultiviert,  doch  traten  spater  an  ihm  Symptome 
einer  Schwachung  zutage,  so  daB  von  weiterer  Kultur  Abstand  ge- 
nommen  wurde. 

B.  Ein  zweikerniges  Individuum,  vom  17.  Oktober  1903  an  im 
Zylinderglaschen  gezUchtet,  erfuhr  eine  Dreiteilung,  indem  am  7.  No- 
vember d.  J.  an  seiner  Stelle  drei  einkernige  Naehkonimen  sicher- 
gestellt  wurclen. 

C.  Ein  vierkerniges  Individunmj  seit  28.  September  1900  im 
Uhrglas  gezUchtet,  ergab  am  1.  Oktober  d.  J.  drei  kleinere  ein- 
kernige und  ein  groBeres,  dreikerniges  Teilungsprodukt. 

SebluBfolgerung.  Aus  den  in  diesem  Absatze  kurz  geschil- 
derten  Fallen  geht  hervor,  daB  Uberall  Protoplasmateilung  eintrat, 
ohne  daB  gleicbzeitig  alle  Kerne  sich  geteilt  hiitten.  Somit  kommt 
den  vielkemigen  Formen  von  Amoeba  proteiis  ebenfalls  auch  die 
Fahigkeit  zu,  sich  nach  dem  in  der  Einleitung  sub  3  charakterisier- 
ten Typus  zu  teilen. 

ArcbiT  f.  Entwicklttngsinecbanik.    XIX.  42 
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IV. 

A.  Eiu  dreikerniges  Individuum  wurde  seit  3.  Marz  1897  im 
Uhrglas  gezUchtet.  Zwei  vou  den  Kerneu  sind  vou  normaler  Fomij 
der  dritte  etwas  abvveichcnd  gestaltet.  Am  11.  Marz  d.  J.  wurde  eine 
bereits  erfolgteDreiteiluugsicliergestelltj  diezu  einem  dreikernigen, 
einem  zweikernigen  uud  einem  einkernigen  Toehterindividuum 
geflihrt  hat.  Letzteres  flihrte  einen  abweichenden,  etwas  eingeschnlir- 
teu  Kern.  Nachdem  ich  sofort  wieder  das  dreikernige  Individuum 
in  Kultur  genommen  hatte,  fand  ich  das8elbe  am  13,  Marz  d.  J.  in 
fUnf  Individuen  geteilt,  von  denen  vier  je  einen  Kern  (darunter 
ein  Individuum  kleiner  als  die  librigen)  und  das  fUnfte  zwei  Kerne 
besaBeu.  Letzteres  wurde  abermals  weiter  gezUchtet,  bis  am  16.  Marz 
d.  J.  zwei  einkernige  Nachkommen  konstatiert  wurden. 

Einer  von  beiden  Nachkommen  wurde  weiter  gezUchtet  und  als 
er  sich  in  zwei  einkernige  Descendenten  geteilt  hat,  von  diesen  einer 
wieder  in  Kultur  genommen  usw.  Auf  diese  Weise  wurde  die  Zwei- 
teilung  bis  zum  23.  Marz  d.  J.  wiederholt  beobachtet, 

B.  Ein  zweikeruiges  Individuum,  seit  24.  April  1898  im  Uhr- 
glas geztiehtet,  erschien  am  27.  April  d.  J.  in  drei  Tocbterindividuen 
geteilt,  vou  denen  zwei  einkeruig,   das  dritte  zweikernig  war. 

Das  zweikernige  Produkt  kam  sofort  wieder  in  Kultur,  bis  am 
30.  April  d.  J.  die  Entstehimg  vou  zwei  einkernigen  Descendenten 
sichergestellt  wurde. 

Fortgesetzte  Kultur  von  einem  derselben  ergab  am  1.  Mai  wieder 
zwei  einkernige  Nachkommen. 

C.  Ein  zweikeruiges  Individuum i),  seit  5.  Oktober  1898  im 
Hohlglaschen  kultiviert,  ergab  am  12.  Oktober  d.  J.  einen  einker- 
nigen und  einen  zweikernigen  Nachkommen. 

Aus  diesem^)  entstanden  am  13.  Oktober  d.  J.  wieder  ein  ein- 
kerniger  und  ein  zweikernlger  Nachkomme.  Letzterer  ersehien 
am  22.  Oktober  d.  J.  in  drei  Individueu  geteilt,  vou  welchen  zwei 
einkernig  und  das  dritte  zweikernig  war.  Am  26.  Oktober  d.  J. 
wurde  bezUglieh  des  letztereu  eine  Zweiteilung  konstatiert,  dereu 
Produkte  als  zweikernig  sich  erwiesen.     Eiu  von  beiden  Produkten 


i)  Das  andre  durch  eine  Zweiteilung  entstandene  Scliwesterprodukt  von 
ihm  lieferte  das  Material  zu  den  sub  II.  C  angefiihrten  Beobaelitungen. 

-)  NatUvlich  nach  erfolgter  Isolierung  uud  bei  fortgesetzter  Kultur,  was 
der  KUrze  halber  auch  im  folgenden  als  selbstverstiindlicli  ausgelassen  wird. 
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hat  danu  am  30.  Oktober  d.  J.  vier  einkeirnige  Descendenten  ge- 
liefert. 

Bemerkung.  Der  Fall  vom  26.  Oktober  unterscheidet  sich  von 
den  schon  angefbhrten  Fallen  durch  die  gleiehe  Verteilimg  der  Zahl 
der  Tochterkerne  an  die  beiden  Protoplasmahalften. 

D.  Eine  umfangreichere  Beobachtnngsreihe.  Ein  zweikerniges 
Individunm,  seit  3.  September  1903  im  ZylinderglSLsehen  kultiviert, 
erschien  am  4.  September  d.  J.  in  zwei  einkernige,  ungleiche, 
und  einen  zweikernigen  Nachkommen  geteilt. 

Letzteren  fand  ich  am  8.  September  d.  J.  in  zwei  einkernige, 
ungleiche,  und  ein  dreikerniges  Tochterindividunm  geteilt.  Dieser 
von  den  vorhergehenden  abweichende  Fall  laBt  sich  so  erklUren,  daB 
der  eine  Kern  sich  im  vorans  teilte,  worauf  dann  das  Individunm  im 
dreikernigen  Zustande  der  Teilung  anheimfiel. 

Aus  dem  dreikernigen  Individunm  entstanden  nach  der  Beobach- 
timg  am  9.  September  d.  J.  drei  Nachkommen,  von  welchen  der 
eine  einkernig,  der  andre  zweikernig  und  der  dritte  (groBte) 
dreikernig  war.    Die  beiden  letzteren  wurden  dann  weiter  geztichtet. 

Am  10.  September  d.  J.  erschien  das  dreikernige  Individunm  in 
einen  einkernigen  und  einen  dreikernigen  Nachkommen  geteilt. 

Das  zweikernige  Individunm  vom  9.  September  d.  J.  hat  sich 
erst  spat  geteilt  und  ergab  am  14.  September  d.  J.  zwei  einkernige, 
ungleiche,  und  einen  zweikernigen  Nachkommen. 

Bei  der  Durchsicht  des  letzteren  am  20.  September  d.  J.  vmrde 
ein  Tail  des  Protoplasmas  durch  die  Pipette  weggerissen.  Nachdem 
dann  am  26.  September  nur  das  Wasser  erneuert  wurde,  fand  ich  am 
28.  September  dessen  drei  Nachkommen  von  fast  gleicher  6r5Be, 
von  deuen  zwei  als  einkernig,  der  dritte  als  zweikernig  sich 
erwiesen. 

Letzterer  erscheint  am  1.  Oktober  d.  J.  in  vier  einkernige 
Tochteriudividuen  geteilt. 

Das  dreikernige  Individunm  vom  10.  September  fand  ich  am 
2.  Oktober  d.  J.  in  zwei  einkernige  und  zwei  zweikernige  Nach- 
kommen geteilt.     Alle  vier  wurden  weiter  geztichtet. 

Am  4.  Oktober  d.  J.  habe  ich  nur  das  Wasser  erneuert.    Die  zwei 
einkernigen  Nachkommen  wurden  geteilt  vorgefunden. 
I         Am  7.  Oktober  d.  J.   lieB  sich  konstatieren,   daB   ein  von  den 
beiden  zweikernigen  Individuen  vierkernig  wurde. 

Am  8.  Oktober  d.  J.  fand  ich  das  andre  zweikernige  Indivi- 
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dnnm  in  drei  einkernige  Nachkommen  geteilt  vor.  Von  dieseo 
wurde  nur  ein  etwas  abweichend  gestalteter  weiter  geztichtet. 

Am  12.  Oktober  d.  J.  wurde  weder  beobachtet  noch  das  Kultnr- 
medinm  erneuert. 

Am  31.  Oktober,  am  1.  und  2.  November  d.  J.  fand  nur  Er- 
nenernng  des  WaBsers  statt. 

Am  2.  November  d.  J.  erschien  das  vierkemige  Individuum  (vom 
7.  Oktober  d.  J.)  in  einen  (groBen)  sechskernigen  und  eineo 
(kleinen)  einkernigen  Nachkommen  geteilt.  Der  erstere  allein  wurde 
dann  weiter  kultiviert. 

Vom  15.  November  bis  2.  Dezember  d.  J.  wurde  nur  das  Kultnr- 
wasser  erneuert. 

Am  22.  November  d.  J.  wurde  das  abweichend  gestaltete  Indi- 
viduum (vom  8.  Oktober  d.  J.)  nicht  mehr  angetroflfen,  woraus  ge- 
schlossen  werden  muB,  daB  es  zugrnnde  gegangen  ist. 

Am  5.  Dezember  d.  J.  konnte  das  sechskernige  Individuum  (vom 
2.  November  d.  J.)  nicht  mehr  im  Kulturwasser  entdeckt  werden,  es 
muBte  also  auch  dem  Tode  anheimgefallen  sein. 

SchluBfolgerung.  Aus  den  im  IV.  Abschnitt  angeftibrten  Be- 
obachtungen  ist  zu  ersehen,  daB  sich  das  Protoplasma  im  mehrkernigeo 
Zustande  teils  nach  dem  ersten,  teils  nach  dem  zweiten  oder  dritten 
Typus  geteilt  hat. 
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Fttr  die  verschiedenen  Modi  der  Protoplasmateilung  im  niebr- 
kemigen  Zustande  ist  das  Verhalten  der  Kerne  charakteristisch.  In 
bezug  auf  die  Teilungsprodukte,  die  hierbei  entstehen,  muB  einge- 
standen  werden,  daB  in  der  Reihe  der  angeftibrten  Falle  eine  gioBe 
Mannigfaltigkeit  waltet. 

Wenn  nur  das  Protoplasma  im  zweikernigen  Zustande  in 
Betracht  genommen  wird,  so  finden  wir  folgende  Modifikationen  des 
Teilungsresultates :  Das  Protoplasma  teilt  sich  in  zwei  gleiche  oder 
ungleiche  einkernige  Teile ;  das  Protoplasma  wird  in  zwei  zweikemige 
oder  zwei  einkernige  gleiche  oder  ungleiche  und  einen  zweikernigen 
Teil  zerklUftet;  das  Protoplasma  zerf&llt  in  einen  einkernigen  und 
einen  dreikernigen  Teil,  oder  es  erfahrt  eine  Vierteilung,  deren  Pro- 
dukte  gleich  oder  uugleich  seiu  kouueu  und  je  ciuen  Keru  besitzeu, 
das  Protoplasma  wird  in  einen  zweikernigen  und  eiueu  einkernigen 
Teil  geschieden,  bzw.  es  entstehen  aus  ihm  drei  einkernige  Teilungs- 
produkte. 
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GewiB  sind  noch  andre  TeilungBresultate  des  zweikeniigen  Proto- 
plasmas  m5glicb,  als  in  den  von  mir  beschriebenen  Fallen  zutage 
getreten  sind. 

Die  verschiedenen  Teilungsprodukte  des  •  zweikernigen  Proto- 
plasmas  lassen  sieb  durcb  bestimmte  Symbole  ausdrticken,  welehe 
im  folgenden  der  Ellrze  halber  ansscblieBIich  zur  Anwendnng  ge- 
langen. 

Der  mebrkemige  Zustand  m(5ge  durcb  eine  rOmiscbe  ZiflFer  (z.  B. 
II,  der  zweikernige  Zustand)  bezeicbnet  werden;  eine  arabische  Ziflfer  j: 

vor  der  rSmischen  m5ge  die  entsprecbende  Teilungsart  (1.,  2.,  3.  Art),  !^ 

die  Summe  der  binter  der  rOmiscben  ZiflFer  angebracbten  arabischen 
Zi£Fern  die  Zabl  der  entstandenen  Teilungsprodukte,  und  jede  einzelne 
der  letztgenannten  arabiscben  Ziflfern  die  Anzabl  der  im  Teilungs-  \.\ 

produkt  entbaltenen  Kerne  andeuten.     SchlieBlicb  soil  das  bin  und  j^. 

wieder  beigeftigte  u  die  Ungleicbbeit  der  Telle  (bei  gleicber  Kern-  j 

zahlj  zum  Ausdruck  bringen. 

Somit  entstehen  auf  Grund  der  beobacbteten  Teilungsresultate 
des  zweikernigen  Protoplasmas  (der  zweikernigen  Formen  von  Amoeba 
proteus)  die  folgenden  Symbole:  III  1.1  —  1 1X1.1  u  —  2n2.2  — 
2  n  2.1.1  —  2  n  2.1.1  u  —  2 II  3.1  —  2  n  1.1.1.1  —  2 II  1.1.1.1  u 
—  3n2.1  —  3 II  1.1.1. 

So  bedeutet  z.  B.  Symbol  1 11 1.1:  Das  im  zweikernigen  Zustande 
befindlicbe  Protoplasma  bat  sieb  nacb  dem  Typus  1  in  zwei  ein- 
kernige  Telle  geteilt;  Symbol  2 11 2.1.1  u  bedeutet,  daB  das  Proto- 
plasma nacb  dem  Typus  2  in  einen  zweikernigen  und  zwei  einkernige 
ongleicbe  Telle  zerfiel;  Symbol  3 II  2.1  bedeutet  den  dritten  Teilungs- 
typus,  wobei  eine  zweikernige  und  eine  einkernige  Portion  ent- 
stand  usw. 
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Man  kann  auf  das  Protoplasma,  eventuell  aucb  auf  den  Kern, 
durch  gewisse  Mittel  einwirken,  welcbe  zwar  keinen  gtinstigen  Ein- 
fluB  auf  die  vitale  Tatigkeit  austiben,  jedocb  letztere  keineswegs  ver- 
nichten.  Kommen  diese  Mittel  bei  dem  mehrkemigen  Protoplasma  zur 
Anwendnng,  so  liegt  die  Frage  nabe,  ob  bierdurcb  die  Teilungsmodi 
ill  irgendwelcber  Weise  betroflfen  werden,  so  daB  z.  B.  eine  oder  die 
andre  Teilungsart  stabilisiert  oder  andre,  unter  den  angefttbrten  Fallen 
nicht  enthaltene  Prozesse  plOtzlicb  eingeleitet  (induziert)  wtirden. 

In  den  folgenden  Abscbnitten  m5gen  die  durcb  besondere  Mittel 
erzielten  Versucbsresultate  angefUbrt  werden.  ,  i 
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1.  Versuch  bei  beschrankter  NahruDg. 

Dieser  Versuch  war  leicht  ausznflihren,  indem  der  mehrkernige 
Zustand  von  Amoeba  proteus  nur  in  FluBwasser,  das  erfahmngsgemaB 
sehr  nahrungsarm  war,  gezttchtet  wnrde.  Es  lieB  sich  voraussetzeii, 
daB  in  diesem  Falle  keine  andern  Teilungsmodi  auftreten  werden, 
als  in  den  oben  beschriebenen  Fallen,  sondern  daB  nnr  das  Spatium 
zwischen  zwei  eonsecutiven  Teilungen  langer  sein  wird. 

Es  mCge  hier  kurz  der  Versuch  und  sein  Resultat  angefllhrt 
werden. 

Ein  zweikerniges  Individuum  wurde  im  Uhrglas  im  FluB- 
wasser, welches  jeden  Tag  Erneuerung  erfuhr,  gezUchtet.  Anfangde?^ 
Versuchs  am  5.  November  1898.  Am  11.  November  d.  J.  wurde  das 
Teilungsresultat  nach  dem  Symbol:  3 II 2.1  festgestellt. 

Das  zweikernige  Individuum,  auf  dieselbe  Art  gezUchtet  wie  das 
Mutterindividuum,  ergab  am  30.  November  d.  J.  folgendes  Teilungs- 
resultat, symbolisch  ausgedrllckt:  III  1.1. 

SchluBfolgerung.  Dem  Resultate  nach  laBt  sich  schlieBen. 
daB  die  oben  angeftihrte  Voraussetzung  richtig  gewesen. 

2.   Versuche  mit  Abtrennung  eines  Protoplasmateils. 

Wird  den  mehrkernigen  Formen  von  Amoeba  proteus  ein  Teil 
des  Protoplasmas  (mittels  einer  scharfen,  feinen  Nadel)  weggenommcD, 
so  laBt  sich  voraussetzen,  daB  bei  sonst  gleichen  Kulturverhaltnisseu 
sowohl  die  intakten,  als  auch  die  eines  Plasmateils  beraubten  Formen 
sich  im  groBen  ganzen  gleich  verhalten  werden,  nur  mit  dem  Dnter- 
schied,  daB  die  letzteren  vielleicht  zeitliche  Verschiedenheiten  in  der 
Aufeinanderfolge  der  Teilungen  aufweisen  werden. 

Wir  fUgen  eine  kurze  Ubersicht  der  betreflfenden  Versuche  und 
deren  Resultate  bei. 

A.  Ein  zweikerniges  Individuum,  in  der  angeflihrten  Weise 
eines  Protoplasmateils  beraubt,  wurde  seit  24.  Februar  1898  im  Uhr- 
glas gezttchtet.  Am  26.  Februar  d.  J.  stellte  ich  das  Resultat  einer 
Dreiteilung  nach  dem  Symbol:  2 II 2.1.1  fest.  Alle  drei  Individnen 
sind  von  gleicher  GrSBe;  nur  das  zweikernige  wird  dann  weiter 
gezttchtet. 

Am  2.  Marz  d.  J.  lieB  sich  wieder  eine  stattgefundene  Teilung 
nachweisen,  die  der  Formel:  2 II  2.1.1  folgte.  Nur  das  zweikernige 
Teilungsprodukt  wurde  weiter  kultiviert.  Am  6.  Marz  d.  J.  abermals 
eine  Teilung  von  der  Formel:  2  II  1.1.1.1. 
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Einen  von  den  vier  Nachkommen  habe  ich  dann  wetter  geztichtet, 
bis  eine  Zweiteilung  stattfand.  Von  da  ab  wurden  bis  zum  11.  Mai 
Zweiteilungen  beobachtet,  wobei  immer  nur  ein  Descendent  in  Kultnr 
genommen  wurde.  Anfangs  fand  eine  gleichzeitige  Ernenerung  von 
FlnBwasser  und  Nahrung  statt,  spater  nur  von  Wasser.  Die  Beob- 
achtong  ergab  den  Versuchsbedingungen  entsprechend  anfangs  ein 
rascheres,  spater  ein  langsameres  Vermehrungstempo  der  Amoben. 

B.  Ein  zweikerniges  Individunm,  dem  ein  Teil  des  Proto- 
plasmas  weggenommen  wnrde,  kam  in  ein  Hohlglasehen  zur  Eultur. 
Der  Versuch  begann  am  1.  April  1898. 

Am  S.April  d.  J.  Vierteilung  nach  dem  Symbol:  2 11 1.1.1.1  n. 
Von  den  neu  entstandenen  Individnen  wurde  das  eine  weiter  kultiviert 
und  man  sah  am  8.  April  d.  J.,  daB  es  eine  Teilung  in  zwei  ein- 
kernige  Nachkommen  erfuhr.  Von  diesen  wurde  nur  ein  Nachkomme 
weiter  geztichtet,  bis  am  10.  April  d.  J.  abermals  eine  Zweiteilung 
und  am  13.  April  eine  folgende  sich  nachweisen  lieB,  deren  Produkte 
insgesamt  einkemig  waren. 

C.  Ein  zweikerniges,  an  Protoplasma  durch  Operation  armeres 
Individunm  wurde  im  Hohlglaschen  vom  5.  November  1898  an  ge- 
zUchtet.  Am  11.  November  d.  J.  Zweiteilung  nach  dem  Symbol: 
3 II 2. 1.  Die  beiden  gleich  groBen  Nachkommen  gerieten  sofort 
wieder  in  Kultur.  Am  14.  November  d.  J.  lieB  sich  konstatieren,  daB 
der  zweikernige  Descendent  eine  Zweiteilung  nach  dem  Schema: 
in  1.1  erfuhr.  Inzwischen  wurde  .das  einkernige  Individuum  zu 
einem  zweikernigen  und  am  22.  November  sah  man  es  bereits  in  drei 
Teile  zerklflftet  (Schema:  2 II  2.1.1).  Der  zweikernige  Teil  wurde 
weiter  gezttchtet,  jedoch  am  20.  Dezember  lieB  sich  nichts  mehr  von 
ihm  nachweisen,  so  daB  man  annehmen  muB,  daB  ihn  der  Tod  er- 
eilt  hat. 

D.  Ein  zweikerniges,  an  Protoplasma  ilrmer  gemachtes  Indi- 
viduum, seit  29.  Marz  1900  im  Uhrglas  kultiviert,  erscheint  am  4.  April 
d.  J.  nach  dem  Schema  2 II  1.1.1.1  geteilt. 

E.  Ein  zweikerniges,  an  Plasmamasse  durch  Operation  armeres 
Individuum  wurde  am  4.  April  1900  im  Uhrglas  kultiviert.  Am  7.  April 
d.  J.  lieB  sich  eine  stattgefundene  Teilung  nach  dem  Symbol:  2 II 2.1.1 
wahmehmen.  Der  zweikernige  Nachkomme  erschien  am  9.  April  d.  J. 
nach  dem  Symbol:  3 II  2.1  geteilt.  Der  erstere  von  beiden  Nach- 
kommen erfuhr  eine  Dreiteilung  nach  dem  Symbol  2 II  2.1.1,  wie 
am  12.  April  d.  J.  sich  konstatieren  lieB.     Das  zweikernige  Tochter- 
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individuum    laBt   schlieBlich    am   13.  April    eine   Zweiteilung   walir- 
uehmen,  die  dern  Schema:  III  1.1  augehM. 

SchluBfolgerung.  Die  Versuchsresultate  stimmeu,  wie  mau 
sieht,  mit  unsrer  Voraussetzung  gut  libereiu.  Die  Individueu  von 
Amoeba  proteus^  deren  Protoplasma  eiue  Reduktion  erfuhrj  habeu 
sich  nach  deuselben  Regeln  geteilt,  wie  die  intakten  Formeu. 

3.   Versuche  mit  der  sog.  Lebendfarbung. 

Werden  niehrkernige  Formeu  von  Amoeba  proieus  intra  vitam  mit 
Hilfe  stark  verdiiunter  Losungen  von  gewissen  organischeu  Farb- 
stoflfen  gefarbtj  so  liiBt  sich  nachweisen,  daB  der  Farbstoff  an  be- 
stimmte,  im  Korper  der  Amobe  euthalteue  Stoflfe  sich  bindet,  die  ich 
als  plasmabildeude  *)  bezeichuet  babe. 

Selbstverstiindlich  konueu  derartig  auch  die  niebrkernigen  Formen 
von  Amoeba  proteifs  behandelt  werden,  iind  es  geniigt,  die  letzteren 
"nach  dereu  Fiirbung  uur  in  dieselben  Lebensbediuguugeu  zurlickzu- 
briugen,  deneu  die  ungetarbten  Individueu  ausgesetzt  waren. 

Es  steht  nun  die  Frage  offen,  wie  sich  die  Plasmateiluug  be- 
zliglich  deren  Modifikationen  gestalten  wird,  wenn  klinstlich  gefarbte 
Individueu  zu  den  Versuchen  herangezogeu  werden. 

In  der  Erwagung,  daB  die  nachtragliche  Aktion,  derzufolge  eine 
Amobe  sich  von  dem  aufgenommenen  Farbstoff  zu  befreien  trachtet, 
mit  eiuem  Euergieaufwaud  verknlipft  sein  diirfte,  in  der  Erwagung 
ferner,  daB,  soviel  sich  urteileu  laBt,  trotz  der  Fiirbung  die  vitalen 
Funktioneu  iutakt  bleiben,  lieB  sich  voraussetzeu,  daB  es  zu  keinen 
audern  Teilungsmodi  bei  den  gefarbten  Exemplaren  als  bci  den  un- 
gefiirbteu  Individueu  kommeu  wird,  sondern  daB  hochstens  Differenzeu 
in  der  Zeitfolge  der  successiveu  Teihingeu  bemerkbar  sein  werden. 

Eiue  Lebendfarbung  kann  man  schlieBlich  uoch  damit  kombi- 
nieren,  daB  man  dem  Protoplasten  eineu  Teil  seines  Frotoplasmas 
wegnimmt. 

Was  die  Fiirbung  der  mehrkernigen  Formen  betrifft,  so  wilhrte 
dieselbe  voile  24  Stuuden,  wobei  die  oben  genanuten  ZylindergUischen 
fUr  die  Aufnabme  der  verdlUinten  Farbstofflosungen  samt  den  Amobeu 
zur  Anwendung  kamen.  Uber  das  Nahere  mag  iibrigens  in  meiuer 
oben  zitierten  Arbeit  nachgesehen  werden.  Es  mogen  schlieBlich  die 
hierher  gehorigen  Versuche  uud  deren  Resultate  kurz  angefUhrt  werden. 


1 


1;  A.  Stolc,  Uber  das  Verhalteu   des  Neutralrots  im  lebendigen    Proto- 
plasiua.    Zeitschr.  f.  allgem.  Physiol.    1902. 
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A.  Ein  zweikerniges,  mit  Vesuvin  gefarbtes  Individuum  wnrde 
«eit  22.  Juni  1898  im  Uhrglas  kultiviert.  Am  26.  Juni  d.  J.  Drei- 
teilung  nach  dem  Symbol:  2 II 2.1.1.  Der  zweikernige  Nachkomme 
wurde  dann  welter  kultiviert.  Am  27.  Juni  d.  J.  fand  ich,  daB  er 
in  vler  elnkernige  Indlvlduen  zerfallen  1st,  von  denen  elnes  grSBer 
1st  als  die  drel  andern.  Nur  an  dlesem  wlrd  die  Kultur  fortgesetzt. 
Am  28.  Juni  d.  J.  erschelnt  es  In  zwel  elnkernige  Nachkommen  ge- 
spalten,  von  denen  der  elne  welter  gezttchtet  wurde.  Am  29.  Juni 
d.  J.  erglbt  die  Beobacbtung  elne  Zweltellung,  deren  Produkte  eln- 
kernig  waren. 

B.  Eln  zweikerniges,  mit  Neutralrot  gefarbtes  und  elner 
Plasmaportlon  beraubtes  Individuum  wurde  am  26.  Marz  1900  im 
Uhrglas  In  Kultur  genommen.  Am  28.  MSlrz  Zweltellung  nach  der 
Formel:  III  1.1. 

C.  Eln  zweikerniges,  mit  Neutralrot  gefilrbtes  und  elner 
Plasmaportlon  beraubtes  Individuum  wurde  selt  26.  Marz  1900  im 
Uhrglas  gezttchtet.  Am  3.  April  d.  J.  erschlen  der  Korper  geteilt, 
und  zwar  nach  dem  Symbol:  3 II  2.1.  Der  erstere,  zweikernige  Nach- 
komme wurde  dann  welter  gezttchtet,  worauf  am  4.  April  d.  J.  elne 
Dreltellung  nach  dem  Schema:  2 II  2.1.1  slch  konstatleren  lleB.  Der 
zweikernige  Descendent  ergab  schlieBllch  am  8.  April  elne  Vlertellung 
nach  dem  Symbol  2 II  1.1.1.1. 

D.  Eln  zweikerniges,  mit  Neutralrot  gefarbtes  und  elner 
Plasmaportlon  beraubtes  Individuum  wurde  selt  5.  April  1900  im 
Uhrglas  der  Kultur  unterworfen.  Am  6.  April  d.  J.  fand  Ich  elne 
Dreltellung  nach  dem  Symbol:  2 II 2.1.1.  Der  zweikernige  Nach- 
komme hat  slch  dann,  nach  der  Beobacbtung  am  13.  April  d.  J.,  welter 
geteilt,  Indem  die  Tellung  demTypus:  1 II  1.1  entsprach.  Belde  neu 
entstandenen  Tochterindlvlduen  nahm  ich  abermals  In  Kultur.  Am 
15.  April  d.  J.  erhlelt  Ich  das  einfachste  Resultat  elner  Zweltellung, 
wo  namllch  die  belden  Nachkommen  einkemlg  waren. 

E.  Ein  zweikerniges,  mit  Neutralrot  gefdrbtes  und  eines 
Protoplasmatells  beraubtes  Individuum  vnirde  selt  6.  April  1900  im 
Uhrglas  gezttchtet.  Am  9.  April  d.  J.  erhlelt  ich  als  Resultat  elne 
Viertellung  nach  dem  Symbol:  2  II  1.1.1.1.  Elner  von  den  vier  Nach- 
kommen ergab  in  weiter  fortgesetzter  Kultur  am  12.  April  d.  J.  elne 
Zweltellung,  deren  Produkte  elnkernig  waren. 

SchluBfolgerung.  Aus  den  bier  angeftthrten  Versuchsresultaten 
erhellt  zur  Genttge,  daB  der  mehrkernige  Protoplast  (hier  von  Amoeba 
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proteus]  nach  eiaer  Lebendfiirbung,  eventuell  nach  dieser  und  einer 
uachfolgendeu  Abtrennung  eines  Protoplasmateils,  zu  keiner  andern 
Teilung  veranlaBt  wird,  die  nicht  auch  bei  den  ungefarbten  und  in- 
takten  Exemplaren  zutage  getreten  ware. 

Allgemeine  Ergebnisse. 

A.  Mehrkerniges  Protoplasma,  wie  as  die  mehrkeruigen  Fornien  von 
Ajnoeba  proteus  bieten^  kann  sich  auf  dreierlei  Weise  teilen: 

1)  Das  Protoplasma  teilt  sich,   ohne   daB  gleichzeitig  mit  ibm 
die  Kerne  eine  Teilung  erflihren. 

2)  Das  Protoplasma  teilt  sich  iind  gleichzeitig  mit  ihm  teilen 
sich  a  lie  Kerne. 

3)  Das  Protoplasma  teilt  sich,   ohne  daB  gleichzeitig  mit  ihm 
samtliche  Kerne  sich  teilen  wUrden. 

B.  Die  Teilungsprodukte  sind  hochst  mannigfaltig,  besonders 
was  ihre  Anzahl,  ihre  GroBe  und  die  Zahl  der  in  ihnen  entbal- 
tenen  Kerne  anbelangt. 

C.  Bei  Anwendung  gewisser  Mittel,  wie:  1)  Einschraukung  von 
Nahrmaterial,  2)  Wegnahme  eines  Protoplasmateils,  3j  Lebend- 
farbung  (durch  Vesuviu),  4)  Lebendfarbung  und  darauf  folgende 
Wegnahme  eines  Protoplasmateils,  findeu  keine  andern  Tei- 
lungsmodi  statt. 


Zum  SchluB  moge  eine  tabellariscbe  IJbersicht  der  ausgeftihrten 
Beobachtungen  und  Experimeute  beigefllgt  werden,  worin  samtliche 
durch  Symbole  ausgedrlickte  Teilungsergebnisse  enthalten  sind. 


1.  Abteilung  (Beobachtungen). 

I.  Teilung  nach  dem  1.  Modus. 

A.  II,  31.  Oktober  1898.    Hohlglasclien. 

3.  November  1898 1  II  1.1 

B.  II,  25.  April  1900.    Hohlglascheu  und  Uhrglas. 

1.  Mai  19(X) 1  n  1.1 

C.  II,  21.  Juni  1901.    Uhrglas. 

23.  Juni  1901 1  II  1.1  u 

II.  Teilung  nach  dem  2.  Modus. 

A.  II,  24.  April  1898,    Uhrglas. 

27.  April  1898 . 2 II  2.1.1 

B.  II,  10,  Juni  1898.    Uhrglas. 

22.  Juni  1898 ,    .  2IIl.l.l.li 
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C.  n,  6.  Oktober  1898.    Uhrglas. 

7.  Oktober  1898 2  II  2.1.1 

9.  Oktober  1898 2  n  1.1.1.1 

D.  n,  12.  April  1900.    Uhrglas. 

16.  April  1900 2  n  1.1.1.1  u 

E.  n,  20.  April  1900.    Uhrglas. 

21.  April  1900 2  II  2.1.1 

25.  April  1900 2  n  2.1.1 

30.  April  1900 2  II  2.1.1 

5.  Mai  1900 2  II  1.1.1.1 

F.  II,  21.  April  1900.    Uhrglas. 

23.  April  1900 2  n  1.1.1.1 

G.  II,  22.  April  1900.    Hohlglaschen  und  Uhrglas. 

24.  April  1900 2  n  1.1.1.1 

H.    II,  24.  April  1900.    Uhrglas. 

26.  April  1900 2  II  1.1.1.1 

I.     II,  26.  April  1900.    Uhrglas. 

27.  April  1900 2  n  3.1 

K.    II,  7.  Mai  1900.    Uhrglas. 

9.  Mai  1900 2  II  2.1.  1 

L.     n,  29.  September  1903.    ZylinderglUschen. 

1.  Oktober  1903 2  II  2.1.1 

M.    II,  9.  Oktober  1903.    Zylinderglaschen. 

20.  Oktober  1903 2  II  1.1.1.1 

N.    II,  19.  September  1903.    Zylinderglaschen. 

23.  September  1903 2  II  2.1.1  u 

29.  September  1903 2  H  1.1.1.1  u 

III.  Teilung  nach  dem  3.  Modus. 

A.  II,  2.  Mai  1900.    Uhrglas. 

4.  Mai  1900 3  II  2.1 

B.  II,  17.  Oktober  1903.    Zylinderglaschen. 

7.  November  1903 3  II  1.1.1. 

C.  IV,  28.  September  1900.    Uhrglas. 

I.  Oktober  1900 3  IV  3.1.1.1 

IV.  Teilung  nach  dem  1.,  2.  oder  3.  Modus. 

A.  Ill,  3.  Marz  1897.    Uhrglas. 

II.  Marz  1897 2  III  3.2.1 

13.  Marz  1897 2  IH  2.1.1.1.1  u 

16.  Marz  1897 1 II  1.1 

B.  n,  24.  April  1898.    Uhrglas. 

27.  April  1898 2  II  2.1.1 

30.  April  1898 1 II  1.1 

C.  II,  6.  Oktober  1898.    Hohlglaschen. 

12.  Oktober  1898 3  II  2.1 

13.  Oktober  1898 3  II  2.1 

22.  Oktober  1898 2  II  2.1.1 

26.  Oktober  1898 2  II  2.2 

3a  Oktober  1898 2  II  1.1.1.1 
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D.    n,  3.  September  1903.    Zylinderglaschen  ^]. 

2  n  2.1.1  a 


4.  September  1903 

a  September  1903 

9.  September  1903 

10.  September  1903 

14.  September  1903 

28.  September  1903 

1.  Oktober  1903   . 

2.  Oktober  1903  . 
8.  Oktober  1903  . 
2.  November  1903 


3  m  3.1.1  u 
2  m  3.1.2 
3  III  3.1 

2  n  2.1.1  u 
.    2112.1.1 
.    .    2  II  1.1.1.1 
2  III  2.1.1.2.-. 
.   .3111.1.1 
3  IV  6.1 


2,  Abteilung  (Versuche). 

Versuch  mit  beechrUnkter  Nabrung. 
II,  6.  November  1898.    Uhrglas. 

11.  November  1898 3  U  2.1 

30.  November  1898 1 II  1.1 

Versuche  mit  Abtrennung  eines  Protoplasmateils. 

A.  n,  24.  Februar  1898.    Uhrglas. 

26.  Februar  1898 2  II  2.1.1 

2.  Mlirz  1898. 2112.11 

6.  MUrz  1898 , 2  U  U.l 

B.  II,  1.  April  1898.     Hohlglas. 

5,  April  1898 2IIU.Uu 

C.  II,  5.  November  1898.    HoWglas. 

11.  November  1898 3  II  2.1 

14.  November  1898 1 II  1.1 

22.  November  1898 2  II  2.1.1 

D.  II,  29.  Marz  1900.     Ulirglas. 

4.  April  1900 2  II  1.1.11 

E.  U,  4.  April  1900.    Uhrglas. 

7.  April  1900 2  H  21.1 

9.  April  1900 3  II  2.1 

12.  April  1900 2  II  2.1.1 

13.  April  1900 1  II  1.1 

Versuch  mit  Vesuvin. 
A,    II,  22.  Juni  1898.    Uhrglas. 

26.  Juni  1898 2  II  2.1.1 

27.  Juni  1898 2IIl.l.llu 

1)  Desceudenz  durch  vertikale  punktierte  Verbindungslinien  augedeutetl 
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Yersuche  init  Neutralrot  kombiniert  mit  Abtrennung  eines 
Protoplasmateils. 

B.  II,  26.  Marz  1900.    Uhrglas. 

28.  Miirz  1900 Ill  1.1 

C.  II,  26.  Marz  1900.    Uhrglas. 

3.  April  1900 3  II  2.1 

4.  April  1900 , 2  II  2.1.1 

S.April  1900 2  II  1.1.1.1 

T>.    II,  5.  April  1900. 

6.  April  1900 2  II  2.1.1 

13.  April  1900 1 II  1.1 

E.    II,  6.  April  1900. 

9.  April  1900 2  II  1.1.1.1 
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Das 

irchiY  fiir  Entwicklnngsmechanik  der  OrganismeD 

stebt  offen  jeder  Art  von  exakten  Forschungen  liber  die  ,,Ur8achen^'  dei 
Entstehungy  Erbaltnng  nnd  Rllckbildang  der  organischenGestaltungen*). 

Bis  auf  weiteres  werden  anoh  kritiache  Referate  und  zusammen- 
fassende  Ubersichten  ttber  andern  Oris  erschienene  ArbeiteH  gleiohen 
Zieles,  sowie  TitelUbersichten  der  bezUglichenLiteratur  aufgenommen. 

Das  Archiv  erscbeint  zur  Ermdglichnng  rasoher  Ver5ffent- 
liohang  in  zwanglosen  Heften  sowobl  inbezug  auf  den  Umfang,  wie 
aucb  auf  die  Zeit  des  Erscbeinens;  mit  etwa  40  Drackbogen  wird  ein 
Band  abgeschlossen. 

Die  Herren  Mitarbeiter  erbalten  nnentgeltlich  40  Sonderdrucke 
ihrer  Arbeiten;  eine  gr($Bere  Anzabl  Sonderdrucke  wird  bel  Voraas- 
bestellnng  gegen  Erstattung  der  Herstellangskosten  geliefert,  unter 
der  Yoranssetzung,  daB  die  Exemplare  nicht  ftlr  den  Handel  be- 
stimmt  sind.  Referate,  Bespreohangen  nnd  Aatoreferate  werden 
mit  M  40« —  ftlr  den  Drackbogen  nach  AbscbluB  des  Bandes  honoriert. 

Die  Zeicbnungen  der  Textfignren  sind  im  Interesse  der 
rascheren  Herstellung  wom5glicb  in  der  zur  Wiedergabe  darch 
ZinkHtznng  geeigneten  Weise  anszuftihren*'*').  Die  Textfiguren  sind 
vom  Texte  gesondert  beizulegen;  an  den  EinfUgungsstellen  im 
Texte  sind  die  Nnmmern  der  beztiglichen  Fignren  anznbringen.  Sind 
die  eigentlich  fbr  den  Text  bestimmten,  in  linearer  bzw.  punk- 
tierter  Manier  hergestellten  Fignren  sehr  zahlreich,  so  werden  sie 
besser  auf  Tafeln  beigegeben.  Tafeln  sind  in  der  HOhe  dem 
Format  des  Archivs  anzupassen;  fUr  jede  Tafel  ist  eine  Skizze  tiber 
die  Verteilung  der  einzelnen  Fignren  beiznfUgen. 

Die  Erklarungen  der  Tafel-  sowie  auch  der  Textfiguren  sind 
auf  besonderen  Blattern  beizufUgen. 

Die  Einsendung  von  Manuskripten  wird  ai^  den  Herausgeber 
erbeten. 

Der  Herausgeber:  Der  Verleger: 

Prof.  Dr.  Wilh.  Roux,  Wilhelm  Engelmanr), 

Halle  »/d.  S,  (Deutschland).  Leipzig. 


*}  Den  in  nichtdeutscher:-  in  englisoher,  italienischer  oder  franz6- 
sischer  Spraohe  su  druokenden  Ori^nalabhandlungen  ist  eine  kurze  Zu- 
sammenfassung  der  Ergebnisse,  sei  es  in  der  Sprache  deB  Originals  oder  in 
dcutscher  Spraohe  beivifQgen. 

**)  Diesgcflchieht in  linearer bzw.punktierterZeichnungmittiefsohwarser 
Tinte  oder  Tusche,  kann  aber  leiobt  auch  durch  nachtr&gliohes  Uberzeichnen  der 
Bleistiftzeichnung  mit  der  Tuschfeder  hergestellt  werden.  Wer  jedoch  im 
Zeiohnen  mit  der  Feder  nicht  getlbt  ist,  kann  die  einfache  Bleistiftzeichnung  ein- 
sendcn,  wonach  sie  von  technisoher  Seite  (Iberzeichnct  wird.  Die  Bezeichnungen 
(Buchstaben  oder  Ziffem)  sind  bio 6  sohwach  mit  Bleistift  einzutragcn,  sofem  sie 
der  Autor  nicht  k&Uigraphisch  herzustellen  vermag.  Anweisungen  fUr  die 
Herstellung  wissenschaftlicher  Zeichnungen  zu  Textfiguren  mit  Aus- 
fCLhrungen  Qber  die  einzelnen  Herstellungsarten  und  Proben  derselben  stellt  die 
VerlagsDuchhandlung  den  Herren  Mitarbeitem  gem  unentgeltlich  zur  VerfUgung. 
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Die  Grandlagen  dieser  Arbeit  bilden  meine  vom  Jahre  1897  bis 
zum  Jahre  1904  aasgefahrten  Beobachtangen,  welche  dann  in  der 
folgeuden  Zeit  durch  das  Stadium  der  Beziehungen  zwischen  dem 
Kern  uud  dem  Protoplasma  erg&nzt  warden. 

L 

Es  gelang  mir  zweimal,  die  Entstehung  eines  kemlosen  Indivi- 
duums  Yon  Amoeba  proteus  za  beobachten  and  seinen  femeren  Lebens- 
lauf  zu  verfolgen.  Der  erste  Fall  begegnete  mir  im  Jahre  1903,  der 
zweite  im  folgenden  Jahre.  Das  erstemal  handelte  es  sich  um  ein 
ursprttnglich  einkerniges  Individuam,  welches  sp9.ter  zu  einem  zwei- 
kernigen  warde,  um  bei  fortgesetzter  isolierter  Kultur  nach  einer 
Reihe  von  Tagen  (am  8.  September)  in  vier  ungleiche  Tochterindivi- 
duen  sich  zu  teilen  (Taf.  IV  Fig.  3,  4,  5,  6).  Das  eine  Teilungs- 
produkt  war  groB^  das  andre  klein,  das  dritte  von  mittlerer  GrOfie, 
jedes  yon  den  dreien  mit  je  einem  Kern,  einer  kontraktilen  Vacaole 
und  mit  ein  wenig  Nahrung;  das  yierte  (Fig.  6]  dagegen  yon  einer 
mittleren  Gestalt  besaB  zwar  eine  kontraktile  Vacuole,  flihrte  etwas 
Nahrung,  aber  enthielt  keinen  Kern.  AUe  yier  Indiyiduen  war- 
den dann  in  zwei  cylindrischen  GlasgefaBchen  (yon  7  cm  L&nge  nod 
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mehr  als  1  cm  Breitej  weiter  gezllchtet,  das  groBe  nnd  kleine  Indi- 
yiduum  in  einem  Gl^schen,  das  mittlere  und  kernlose  im  andern. 
Jeden  Tag  bekamen  die  Kalturen  frisches  FlaBwasser  nebst  einer 
ans   Infasorien   bestehenden  Nahrung,    nnd   taglich   fand   anch   die 

Durchmusterung  der  lebenden  Objekte  statt.  Am  13.  September  sab 
icb  das  groBe  Individuum  zweigeteilt,  und  nachdem  ich  den  einen 
Nachkommen  sofort  isoliert  in  Kultur  genommen  batte,  konnte  ich 
an  ihm  am  17.  September  wieder  eine  Zweiteilung  koiistatieren. 
Weitere  Teilungen,  wobei  stets  uur  das  eine  Teilungsprodukt  in 
Kultnr  genommen  wurde,  kamcu  am  23.,  28.  und  30.  September  so- 
wie  am  2,  Oktober  zur  Beobachtung.  Das  mittlere  Individuum  fand 
ich  am  14.  September  geteilt.  Fernere  Teilungen,  wobei  stets  wieder 
nur  das  eine  Teilungsprodukt  kultiviert  uud  beobachtet  wurde, 
fanden  am  27.  September  und  am  1.  Oktober  statt.  Das  kleine 
Individuum  nabm  nur  allmahlicb  an  GroBe  zu,  bis  am  30.  September 
seine  Zweiteilung  konstatiert  wurde,  dessen  Produkte  untereinander 
und  mit  den  Nachkommen  des  groBen  ludividuums  gleiche  GroBe 
besaBen.  Das  eine  von  den  diesbezliglicheu  Teilungsprodukteu  nabm 
icb  dann  isoliert  in  Kultur  und  konnte  am  3.  Oktober  seine  Zwei- 
teilung feststellen.  Was  das  kernlose  Individuum  betriift,  so 
wurde  naeh  mehreren  Tagen  (am  18.  September)  sein  Tod  konstatiert. 
Den  zweiten  Fall,  welcber  die  Entstehung  eines  kernlosen  Indi- 
viduums  betrifft,  babe  ich  in  einer  meiner  frliheren  Arbeiten  taugiert 
(siebe  >Plasmodiogonie,  eine  Vermebrungsart  der  niedersteu  Proto- 
.s&oen<;  im  Archiv  f.  Entmcklungsmech.  d.  Organismen.  1906.  S.  119 
u.  120),  worin  Uber  jeue  Formeu  von  Anioeba  p?'oteus  berichtet  wird, 
welcbe  den  Ubergang  zwischen  mehrkernigen  Formen  und  jenen 
mit  einem  UbermiiBig  groBen  Kern  bilden.  Am  Ende  des  dort  an- 
gefiihrten  Beleges  erwiibne  ich  das  Vorkommnis  eines  Individuums  mit 
einem  dreifachen  Kern.  Dieses  Individuum  wurde  dann  weiter  ge- 
zUchtet,  bis  am  20.  Juli  seine  Zweiteilung  zutuge  trat.  Hierbei  ent- 
atanden  zwei  gleichgroBe  Individuen,  das  eine  kernhaltig,  das  andre 
kernlos,  beide  mit  je  einer  kontraktilen  Vacuole.  Das  kernhaltige 
Individuum  hat  einen  abnormalen,  in  zwei  ungleich  groBe  Lappen 
eingeschntirten  Kern. 

Beide  genannten  Nachkommen  wurden  dann  in  einem  Cylinder- 
glaschen  weiter  geztichtet,  wobei  jeden  Tag  das  Kultur wasser  (FluB- 
wasser)  gegen  frisches  ausgetauscht  und  neue  Nahrung  hinzugefligt 
wurde.  Taglich  fand  auch  die  Durchmusterung  der  betreflfeuden 
Objekte  statt.   Am  2^.  Juli  land  ich,  daB  das  kernhaltige  Individuum 
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eine  Zweiteilung  erfuhr,  welche  zur  Eatstehung  eines  grSBeren  groB- 
kernigen  und  eines  kleiueren  kleinkernigen  Indiyiduums  fUhrte. 
Am  nachsten  Tage  konnte  eine  Zweiteilung  des  gr56eren  Indi?i- 
duums  konstatiert  werdea,  welcher  abermals  ein  grOBeres  groB- 
kemiges  und  ein  kleineres  kleinkerniges  Tochterindividnum  ent- 
stammten.  An  dem  alten  kleinen  und  kleinkernigen  Individuum  wurde 
erst  am  25.  Juli  eine  Zweiteilung  nachgewiesen ,  deren  Produkte 
ebenfalls  ungleich  groB  waren.  Was  das  oben  erwahnte  kernlose 
Individuum  betrifft,  so  hat  sich  dieses  inzwischen  natUrlich  nicht  ge- 
teilt,  bis  am  24.  Juli  sein  Tod  registriert  wurde  (Taf.  IV  Fig.  16—22). 

IL 

Es  moge  bier  weiter  untersucbt  werden,  wie  sich  die  vitalen 
Tatigkeiten  bei  den  kernlosen  Individuen  im  Vergleich  mit  den  kem- 
haltigen  Exemplaren  verhielten. 

Es  sei  vorerst  der  Bewegungen  gcdacht.  Normale,  typische 
Amoeba  pr^oteuSj  wie  sie  z.  B.  Leidy  ^)  in  seinem  groBen  Werke  be- 
schreibt  und  mit  Abbildungen  begleitet,  zeigt  wahrend  ihres  Lebens 
zwei  Zustande,  welche  durch  bestimmte  Korpergestalt  und  durch 
charakteristische  Plasmabewegungen  ausgezeichnet  sind,  namlich: 
einen  Gleichgewichts-  und  einen  Reizzustand  (Taf.  IV  Fig.  2 
u.  1).  Im  ersteren  Zustand  kriecht  Amoeba  proteus  liber  die  Unter- 
lage,  indem  sie  der  Nahrung  nachgeht  und  dieselbe  aufnimmt.  Ihr 
Kdrper  ist  hierbei  plattgedrUckt,  zur  Unterlage  angeschmiegt,  ein- 
fach  Oder  verzweigt.  In  seltenen  Fallen  gehen  ihm  distinkte  Pseudo- 
podien  ab,  so  daB  er  eine  limaxartige  Gestalt  besitzt;  gew(5hnlich 
fUhrt  er  lappenartige  oder  fingerformige  Pseudopodien ,  welche  ent- 
weder  ebenfalls  dem  Substrat  angeschmiegt  sind,  oder  von  diesem 
mehr  oder  weniger  abstehen.  In  diesem  Gleichgewichtszustand  zeigt 
das  Protoplasma  zwei  differente  Bewegangsarten,  und  zwar  eine 
Hauptbewegung  oder  fortschreitende  Bewegung,  welche  von  einer  be- 
stimmten  Stelle  des  Kdrpers,  die  wir  als  hinteres  Leibesende  be- 
zeichnen,  ausgeht,  und  jene  Nebenbewegungen,  welche  den  Pseudo- 
podien eigen  sind. 

Der  Reizzustand  entsteht  aus  dem  Gleichgewichtszustand  infolge 
eines  physikalischen  oder  chemischen  Reizimpulses.  Nach  einer  ge- 
wissen  Zeit,  nachdem  der  Reiz  liber wunden  wurde,  kehrt  Amoeba 
proteus  wieder  in  ihren  Gleichgewichtszustand  zurUck.  Der  Reiz- 
zustand ist  leicht  erhaltlich  und  unter  dem  Mikroskop  demonstrierbar, 

1)  Lbidv,  Freah- Water  Rhizopods  of  North- America.    (Washington  1879.) 
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wenn  man  mechanisch  eiDgreift,  z.  B.  wenn  man  ein  Exemplar  yon 
Amoeba  proteus  im  Oleiohgewichtsznstand  darch  einen  stllrkeren, 
mittels  einer  Pipette  erzielten  Wasserstrom  von  dem  als  Unterlage 
dienenden  ObjekttrSger  losreist.  Im  andem  Falle  wird  der  Reizzu- 
stand  z.  B.  dnrch  Temperatarftnderang  oder  durch  ein  chemisches 
Mittel  aasgelOst,  indem  man  z.  B.  den  Objekttr^ger  erw&rmt,  oder 
indem  man  eine  Eochsalzpartikel  im  Wassertropfen,  in  welchem  sich 
ein  Indiyidnnm  der  Amoeba  proteus  befindet,  I58t.  Solange  der  Reiz- 
znstand  andanert,  adb&riert  Amoeba  proteus  nicbt  znr  Unterlage,  nnd 
am  E5rper  ist  ein  Mittelteil  unterscheidbar,  von  welchem  nach  verschie- 
denen  Seiten  strahlenartig  fingerfbrmige  Pseudopodien  ansgehen. 

Flir  den  Reizzustand  sind  auch  seine  Plasmabewegnngen  charak- 
teristisch,  tells  jene,  welche  in  das  Innere  des  E5rpers  einmtlnden 
(centripetale),  teils  centrifngale,  welche  die  Entstehnng  von  strahlen- 
fbr^igen  Pseudopodien  yeranlassen.  Ich  fand  nun,  daB  anch  den 
kernlosen  Individnen  beide  Znstftnde  eigen  sind,  wie  den  mit  ihnen 
gleichzeitig  entstandenen  kemhaltigen  Schwesterindividnen. 

Der  Gleichgewichtszustand  konnte  bei  kernlosen  Indiyiduen  bis 
zn  jener  Zeit  verfolgt  werden,  wo  dentliche  Symptome  des  nahenden 
Absterbens  zutage  traten.  Der  E5rper  von  kernlosen,  dem  Tode 
nahen  Indiyiduen  zieht  sich  nftmlich  zusammen,  adh&riert  nicht  mehr 
zur  Unterlage,  rundet  sich  allm&hlich  mehr  und  mehr  ab,  wobei  zu- 
sebends  die  Plasmabewegnngen  an  Intensitftt  abnehmen,  indem  z.  B. 
die  Pseudopodien  nur  auf  niedrige,  wellige  Prominenzen  sich  be- 
scbr&nken,  wfthrend  im  EOrperinnem  die  OlanzkUgelchen  zusammen- 
treten  und  Yacuolen  erscheinen,  als  untrtlgliches  Zeichen  des  kurz 
darauf  folgenden  Plasmazerfalls  (ygl.  Taf.  IV  Fig.  22). 

Zum  Beleg  der  bier  angeftLhrten  Beobachtung  sei  bier  das  die 
beiden  kernlosen  Indiyiduen  betreffende  Protokoll  im  Auszuge  zitiert. 

A.  Das  erste  kernlose  Indiyiduum.  Am  9.  September:  Es 
wurde  kriechend  an  der  Glaswand  des  zur  Eultur  dienenden  Gylinder- 
gef&Bchens  yorgefunden.  Nach  seiner  Abhebung  zeigt  es  unter  dem 
Mikroskop  dentliche  Merkmale  des  Reizzustandes.  AUm&hlich  aber 
kehrt  es  zam  Oleichgewichtszustande  zurllck  (Taf.  IV  Fig.  7  u.  8). 
Am  10.  September:  Der  E5rper  des  betreffenden  Indiyiduums  adh&riert 
zum  Substrat,  es  befindet  sich  im  Zustande  des  Gleichgewichts,  aus 
welchem  es  durch  einen  Reizimpuls  in  den  Reizzustand  tlbergeht. 
Am  11.  September:  Bei  der  Durchmusterung  zeigt  der  EOrper  den 
typischen  Reizzustand,  welcher  spftter  dem  normalen  zum  Substrat 
angedrtickten  Zustande  wich.    Am  13.  September:  Ich  fand  das  Li- 
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diyiduam  an  der  Wand  des  Eulturgef^Bcbens  kriechend  yob 
limaxartiger  Gestalt.  Abgehoben  zeigt  es  nnter  dem  Mikroskop 
einen  schwachen  Reizzustand  nnd  kehrt  hier  wieder  znm  limax- 
artigen  Zustand  zurttck  (Taf.  IV  Fig.  10—15).  Am  15.  September: 
Der  K5rper  ist  znsammengezogen ,  im  Zustande  schwacber  Reiznng 
and  lUBt  im  Innern  das  Znsammentreten  von  Glanzktilgelcben  her- 
Yortreten.  Am  17.  September  ahnliche  Erscheinnngen  wie  am  15.  Sep- 
tember. Am  18.  September:  Es  wurde  der  Tod  des  IndiYidanms 
nachgewiesen. 

B.  Das  zweite  kernlose  IndiYidaum.  Am  20.  Juli:  Es 
zeigt  den  zur  Unterlage  angeschmiegten  Gleichgewichtsznstand  nnd 
geht  dnrch  Reiznng  in  den  Reizzustand  Uber.  Am  21.  Juli:  An  dem 
IndiYidaum  lUBt  sich  die  Succession  beider  Znst&nde  nachweisen, 
doch  fangen  im  Kdrper  die  GlanzkUgelchen  an  sich  za  aggregieren 
(Taf.  IV  Fig.  16}.  Am  22.  Juli:  Das  IndiYidaum  befindet  sich  noch  im 
Gleichgewichtszustand,  doch  sind  die  Ktlgelchen  einander  schon  stark 
genahert  und  es  treten  zwei  groBe  Vacuolen  zutage  (Taf.  IV  Fig.  18). 
Am  23.  Juli:  Das  Indiriduum  adhariert  nicbt  mehr  zur  Unterlage,  zeigt 
noch  deutlich  den  Reizzustand  (Taf.  IV  Fig.  21),  jedoch  sein  K5rper 
neigt  schon  stark  zur  kugligen  Gestalt  und  fUhrt  in  seinem  Innern 
einen  Haufen  Yon  GlanzkUgelchen  nebst  einer  groBen  Vacuole.  Am 
24.  Juli.  Es  wurde  der  Tod  des  IndiYiduums  konstatiert.  Es  mag 
noch  hinzugefilgt  werden,  daB  bei  den  beiden  kernlosen  IndiYiduen, 
von  denen  oben  die  Rede  war,  die  kontraktile  Vacuole  —  sofem 
nicht  schon  die  besagten  Anzeichen  des  nahen  Todes  zu  Gesicht 
kamen  —  sich  in  ihren  Pulsationen  ebenso  Ycrhielt  wie  bei  den 
kernhaltigen  Exemplaren. 

Bei  den  beiden  kernlosen  Individuen,  Yon  denen  eben  herichtet 
wurde,  ftlhrte  *chon  bei  deren  Entstehung  das  Protoplasma  Ycrschie- 
dene  Nahrungspartikelchen.  Neue  Nahrung  wurde  jedoch,  wie  direkte 
Beobachtung  ergab,  von  den  kernlosen  Individuen  nicht  aufgenommen, 
wahrend  eine  solche  Aufnahme  bei  den  kernhaltigen  Schwesterpro- 
dukten  hHufig  stattfand. 

III. 

Hans  Prakdtl  beschreibt  in  seiner  ttber  die  physiologische 
Degeneration  von  Arnoeba  proteus  handelnden  Arbeit  i)  die  Elnt- 
stehung  von  kernlosen  Individuen   infolge   einer  Degeneration   des 


1)  Hans  Puandtl,  Die  physiologische  Degeneration  der  Amoeba  protetts, 
A/chiv  f.  Protistejikande.    1907. 
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Keni8.  Die  von  Prandtl  beobachtete  physiologische  Degeneration 
ist  jedocb  keine  normal  physiologische,  sondem  jedenfalls  eine 
pathologisohe  Erscheinang.  In  seiner  Stadie  bertlhrt  anch  Prandtl 
einige  meiner  Aasfilhrnngen,  v^elche  tlber  die  Plasmodiogonie  als  eine 
besondere  Vermehrungsart  der  niedrigsten  Protozoen  handeln.  Ihm 
scheint  die  Definition  der  Plasmodiogonie  unklar  zn  sein.  Wer  meine 
Arbeit  ein  wenig  anfmerksamer  gelesen  hat,  kann  dartlber  nicht  im 
Zweifel  sein,  was  ich  nnter  dem  BegriflF  Plasmodiogonie  verstehe, 
namlieh:  Die  Entstehung  eines  mehrkernigen  Zastandes  entweder 
dareh  Eernteilung  eines  nrsprtlnglich  einkemigen  Individuums  oder 
dnreh  ein  nur  auf  das  Plasma  beschranktes  Verschmelzen  von  ein- 
kernigen  Individnen,  welcher  Zastand  nach  einiger  Zeit  znr  Ent- 
stehung einkemiger  Individaen  ftlhrt.  Vom  Standpunkte  der  Phylo- 
genie  ist  natUrlich  die  Plasmodiogonie  eine  »alte  Erscheinung*, 
ich  aber  habe  das  erstemalgetraehtet,  auf  sie  als  anf  einen  beson- 
deren  Modas  der  Vermehrung  niederster  Protozoen  anfmerksam  zu 
machen.  Der  nicht  voreingenommene  Leser  wird  dann  eben  falls 
meine  aus  der  Plasmodiogonie  sich  ergebenden  Deduktionen  nicht 
als  sonderbar  finden,  wodurch  dieselbe  als  ein  Mittel  zur  gr5fieren 
Komplikation  ded  Plasmas  und  Variabilitllt  der  neuen  aus  mehr- 
kernigen ZustHnden   hervorgegangenen  Individuen  angesehen   wird. 

IV. 

Mit  RUcksicht  auf  das  hier  dargestellte  Verhalten  der  kernlosen 
Individaen  von  Amoeba  proteus  m(Jge  in  dem  folgenden  noch  das 
Verhalten  von  kttnstlich  hergestellten  kernlosen  Stltcken  von  Amoeba 
proteus  einer  eingehenden  Untersuchung  unterzogen  werden.  Die 
diesbezilglichen  Individuen  lassen  sich  leicht  mittels  einer  scharfen 
Nadel  in  ein  kernhaltiges  und  ein  kernloses  Sttlck  zerlegen.  In 
seiner  verdienstvoUen  Arbeit  hat  bereits  Hofer^)  eine  groBere  An- 
zahl  von  Experimenten  mit  kUnstlich  hergestellten  kernlosen  StUcken 
von  Amoeba  proteus  ausgefUhrt,  um  den  EinfiuB  des  Kerns  auf  das 
Protoplasma  zn  stndieren. 

Kernhaltige  und  kernloseTeile  von  Amoeba  proteus  habeu  mir  auch 
schon  einmal  das  Material  abgegeben,  und  zwar  fUr  meiue  Arbeit 2),  wel- 
che  ttber  das  Verhalten  des  Neutralrots  im  lebendigen  Plasma  handeit. 


[RDiNIS 


^)  Bruno  Hoper,   Kxperimentelle  Untersuchungen  liber  den  EinfluC  des 
Kerns  auf  das  Protoplasma.    Jenaische  Zeitscbr.  f.  Naturw.    1890. 

2)  Antonin  Stolc,  iJber  das  Verhalten  des  Neutralrots  im  lebendigen  Proto 
plasma.    Zeitscbr.  f.  allgem.  Physiolog.    1902. 
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Kernlose  Telle  wurden  gemeinsam  mit  den  kernhaltigen  ent- 
weder  auf  einem  in  der  Mitte  konkav  ausgeschliflfenen  Objekttrager 
oder  im  Uhrglaschen  oder  aber  in  cylindrischen  GlasgefaBchen  von 
angegeben  Diraensioneu  gezlichtet.  Taglich  tauschte  ich  das  Kultur- 
wasser  (FluBwasser)  gegen  frisches  aus  und  setzte  neue  Nahrung 
hinzu,  wobei  ich  taglich  alle  Versuchsobjekte  durchmusterte.  Die 
kernhaltigen  Telle  wachsen  und  teilen  sich  wiederbolt,  wahrend  die 
kernloBcn  nach  einer  kUrzeren  oder  langeren  Zeit  zugrunde  gehen. 
Es  gelfing  mir  hierbei;  die  kernlosen  Teile  im  Mittel  eine  langere 
Zeit  am  Leben  zu  erhalten,  als  es  Hofer  gelang.  In  den  von  Hofer 
registrierten  Fallen  lebten  die  kernlosen  Teile  im  Mittel  9— lOTage, 
in  einigen  von  mir  untersuchtcn  Fallen  lebten  ale  mehr  als  zweimal, 
ja  sogar  dreimal  so  lang  (mehr  als  20  und  30  Tage). 


Was  die  locomotorlsche  Tatigkeit  der  kernlosen  Teile  im  Ver- 
gleich  zu  den  kernhaltigen  betrifft,  so  gelangt  Hofer  zu  dem  Kesul- 
tat,  daB  die  kernlosen  Teile  zwar  plasniatische  Bewegungen  auBern, 
aber  daB  letztere  unregelmaBig  und  sozusagen  nicht  geordnet  sind 
im  Verglelch  zu  jenen  Bewegungen,  welche  den  kernhaltigen  Teilen 
oder  iutakten  Individuen  zukommen.  Es  deduziert  daraus  infolge- 
dessen  Hofer  den  Satz,  daB  der  Kern  einen  die  riasniabeweguDgen 
ordnenden  EinfluB  ausUbt,  daB  er  in  dieser  Hinsicht  als  ein  Kegu- 
latioDscentrum  angesehen  werden  muB. 

Kesultate  meiner  an  kernlosen  Teilen  von  Amoeba  proteus  aus- 
gefUhrten  Beobachtungen  stimmen  mit  den  Ergebnissen  der  Beob- 
achtungen  von  Verworn  ^]  und  einiger  andrer  Forscher  tiberein, 
denen  gemaB  kernlose  Koperteile  von  Protozoen  dieselben  charakte- 
Istiflchen  Bewegungen  auBern  koimen,  welche  intakten  Individuen 
zukommen.  An  einera  womoglich  tadellosen  Material,  welches  nie- 
mals  durch  Operation  geschadigt  wurde  und  auch  sonst  durch  keinen 
nachteiligen  EinfluB  des  Milieus  gelitten  hat,  gelang  mir  der  Nach- 
weis,  daB  auch  den  kernlosen  Korperteilen  von  Amoeba  proteus  die 
beiden  Hauptzustande,  welche  durch  besondere  K5rperformen  nnd 
durch  besondere  Plasmabewegungen  charakterisiert  sind,  zukommen^ 
und  daB  hierin  kein  Unterschled  von  den  kernhaltigen  Korperteilen 
oder  intakten  kernhaltigen  Individuen  besteht. 


1)  Max  Verworn,  PsychophyBiologische  Protistenstudien.  Experimentelle 
UnterBuchungen.  Jena  1889.  —  A II  gem  eine  PhyBiologie.  Jena  1909.  5.  Auflage. 
S.  623  u.  f. 
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Der  Gleicbgewichtsznstand  kommt  bei  kernlosen  Teilen  bis  zu 
jener  Zeit  vor,  wo  scbon  die  Anzeichen  des  Absterbens  sich  ein- 
stellen;  der  Reizzustand  aber  anch  in  dieser  morbiden  Periode,  urn 
jedoch  allm&hlich  mit  dem  Tode  anszuklingen.  Die  Symptome  des 
Absterbens  weichen  im  tlbrigen  von  jenen,  welche  bei  kernlosen  In- 
dividuen  vorkommen,  in  keiner  Beziehnng  ab.  Der  E5rper  wird 
allm^lich  starrer,  indem  er  Eugelform  annimmt,  die  Bewegnngen 
nehmen  an  Intensitat  zusehends  ab,  beschranken  sich  auf  geringe 
peripherische  UmriBanderungen;  im  Innern  treten  die  daselbst  be- 
findlichen  GlanzkUgelchen  znsammeu  und  es  erscheinen  Vacuolen  als 
Zeichen  des  Plasraazerfalls  (Taf.  V  Fig.  12,  13). 

In  bezng  auf  die  locomotorische  Tatigkeit  der  kernlosen  Teile 
von  Amoeba  proteus  scien  bier  in  der  KUrze  einige  Belege  der  Beob- 
achtnngsprotokolle  angeftlhrt. 

1)  Ein  Individuum  wurde  (am  19.  Febrnar  1898)  in  einen  kern- 
haltigen  und  einen  kernfreien  Teil  gespalten.  Beide  Teile  warden 
gemeinsam  am  Hohlglaschen  gezlichtet.  Am  28.  Februar  erscbeint 
der  kemfreie  Teil  plattgedrllckt,  er  adhariert  zu  dem  Substrat, 
kriecht  und  bcsitzt  eine  limaxartige  Gestalt.  Am  15.  Marz  wurde 
sein  Tod  konstatiert. 

2)  Ein  Individuum  wurde  (am  3.  Februar  1898)  ktinstlich  in 
einen  kernhaltigen  und  einen  kernlosen  Teil  gespalten.  Beide  Ob- 
jekte  wurden  gemeinsam  im  Uhrglaschen  gezlichtet.  Am  14.  Februar 
ergab  die  Beobachtung  anfangs  einen  ausgepriigten  Reizzustand, 
welcher  alsbald  in  den  Gleicbgewichtsznstand  Uberging,  indem  der 
Kdrper  platter  wurde  und  wicder  an  das  Substrat  sich  an- 
schmiegte.     Am  21.  Februar  wurde  der  Tod  konstatiert. 

3)  Ein  Individuum  wurde  (am  25.  Dezember  1899)  in  einen  kern- 
haltigen und  einen  kernlosen  Teil  zerspalten.  Beide  Teile  wurden 
im  Hohlglaschen  gemeinsam  weiter  gezuchtet.  Der  kernhaltige  Teil 
hat  sich  am  31.  Dezember  in  zwei  Individuen  geteilt,  von  weichen 
nnr  das  eine  weiter  gezUchtet  wurde,  bis  es  am  6,  Januar  1900 
abermals  eine  Teilung  zeigte.  Der  kernlose  Teil  weist  bei  der  am 
6.  Januar  stattgefundenen  Durchmusterung  dieselben  Plasmabewe- 
gungen  auf  wie  das  mit  ihm  gleichzeitig  kultivierte  Individum.  Die 
beiden  Hauptzustande  lassen  sich  an  ihm  beobachten  (Taf.  V  Fig.  9, 
10).  Im  Gleichgewichtszustande  ist  der  Korper  plattgedrlickt,  kriecht 
am  Substrat  hinweg  und  ist  demselben  angescbmiegt.  Sollte  er  los- 
getrennt  werden,  muBte  ein  Wasserstrom  mittels  der  Pipette  auf  iha 
gerichtet  werden. 
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Aus  den  angeftlhrten  Belegen  erhellt  zur  GeniigCj  daB  der  Kern 
keinen  unmittelbaren  ordnenden  EinfluB  auf  die  Plasmabewegungen 
auslibt.  AuBerdem  lehrt  die  lang  anhaltende  Fabigkeit  der  kem- 
losen  Telle  zur  Bildung  des  Gleichgewichtszustandes,  daQ  von  einer 
Nachwirkung  des  Kerns  kaum  die  Rede  sein  kann. 

VI. 
Es  ist  bekannt,  daB  kernlose  Korperteile  der  Protozoen  einer 
Neubildung  der  kontraktilen  Vacuole  fahig  sind.  Letztere  batman 
sich  gewohnt  als  ein  Excretionsorgan  zu  betrachten,  welcbes  ver- 
scbiedene  Stoffe,  und  aucb  die  im  AtmungsprozeB  entstandene  Kohlen- 
sanre,  nach  auBen  befordert.  Auch  HoFt:R  hat  die  Neubildung  und 
Tatigkeit  der  kontraktilen  Vacuole  bei  kernlosen  Teilen  von  Amoeba 
protens  beobachtet.  Seine  Beobachtungen  konnte  ich  an  dem  mir 
zur  Verfttgung  gestandenen  Material  bestatigen.  Anfanglich  pulsiert 
die  kontraktile  Vacuole  bei  den  kernfreien  Teilen  ebenno  rasch  wie 
bei  den  kernhaltigen  oder  bei  den  intakten  Individuen.  Erst  als  die 
crsten  Anzeichen  des  nahenden  Todes  wahrgenommen  werden,  sind 
die  Pausen  zwiscben  der  Diastole  und  Systole  immer  betrachtlicher. 
Es  m5ge  hier  kurz  liber  die  Entstehung  der  kontraktilen  Vacuole, 
wie  ich  sie  in  einem  Falle  bei  einem  kernlosen  Teile  detaillierter 
verfolgt  habe.  berichtet  werden.  Die  kontraktile  Vacuole,  nachdem 
sie  einen  gewissen  Umfang  erreicht  hat,  zieht  sich  zusammen.  Es 
erscheinen  nacbeinander  drei  kleine  Vacuolen;  zwei  verscbmelzen 
miteinander  zuerst,  dann  verschmilzt  auch  die  dritte  VacaolCj  wo- 
durch  eine  groBere  Vacuole  sich  bildet,  welche  sich  vergroBert.  um 
nach  einigen  Minuten  sich  zu  kontrahieren. 

HoFKR  gelang  es  nicht,  bei  kernlosen  Teilen  von  Ainocba  proims 
eine  N  ah  rungs  auf  nahme  zu  konstatieren.  AUe  Versuche,  welche 
darauf  hinausgingen,  diese  Teile  unter  verschiedenen  Bcdingungen 
zu  ernahren,  blieben  erfolglos,  wahrend  die  kernhaltigen  Teile  ihre 
Aufnabmefilhigkeit  stets  zeigten.  Demgegentiber  gelang  mir  der  Nach- 
weis  der  Nahrungsaufnahme  bei  kernfreien  Teilen  zu  wiederbolten 
Malen,  ja  sogar  in  sehr  zahlreichen  Fallen.  Was  das  Formelle  des 
Vorgangs  betrifft,  so  bestebt  kein  Unterschied  zwischen  den  kern- 
haltigen und  kernfreien  Teilen,  sov^ie  den  intakten  Individuen.  Das 
Protoplasma  sendet  der  Beute  Plasmastrome  entgegen,  welche  die- 
selbe  umsiingeln  und  darob  verschmelzen  ^  so  daB  die  3Qut^  iu  dk 
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Aofnahmeyaciiole  gelangt.  Letztere  zieht  sich  dann  immer  mehr 
«nd  mehr  zuBammen,  bis  die  Bente  yom  Protoplasma  dicht  urn- 
BchluDgen  erscheint  nnd  in  diesem  getOtet  wird. 

Die  Beobachtangen  9  welche  die  Aafnahme  von  NabmngskOrper 
seitens  der  kernlosen  Teile  der  Amoeba  proteus  betreffen,  halte  ich 
fttr  BO  ttberans  wicbtig,  dafi  ich  nicht  nmhin  kann,  den  Protokallen 
detaillierte  Belege  zn  entnehmen  nnd  bier  folgen  zn  lassen. 

1)  £in  Indiyidnum,  welches  keine  Nahrnng  fbhrte,  wnrde  in 
einen  kernbaltigen  nnd  einen  kernfreien  Teil  gespalten.  Beide  Teile 
knltivierte  ich  gemeinsam  in  einem  UbrglHscben,  wobei  tUglich 
das  FlnBwasser  gegen  frisches  ansgetanscht  nnd  nene  Nahrnng,  welche 
ans  Ciliaten  nnd  Flagellaten  bestand,  hinzngeftlgt  wnrde.  Alle 
24  Stnnden  fand  die  Dnrchmosternng  beider  Objekte  statt.  Am 
zweiten  Tage  fand  ich  bei  dem  kernbaltigen  Teile  im  Protoplasma 
eine  Menge  Nahrnng,  welche  znm  Teil  schon  zerstdrt  war,  teils  aber 
ans  frisch  gefangenen  Individnen  von  Coleps  nnd  Chilomonas  bestand. 
Der  kemfreie  Teil  enthielt  im  Plasma  ebenfalls  Nahmngsbissen,  nnd 
zwar  ein  frisch  gefangenes  C%i2t>mona5- Individnnm,  welches  noch 
Bewegnngen  zeigte,  dann  ein  &hnliches  schon  frtlher  eingeftihrtes 
nnd  nnbewegliches  Tier,  nnd  schlieBIich  noch  ein  drittes,  welches 
aber  schon  zerstOrt  nnd  in  der  Verdannngsyacnole  sich  befand  (Taf.  V 
Fig.  11). 

2)  Ein  Indiyidnnm  warde  (am  3.  Febrnar  1898)  in  einen  kern- 
haltigen  nnd  einen  kernlosen  Teil  gespalten.  Beide  Teile  wnrden 
im  UhrglHschen  in  frischem  Wasser  nach  Hinznfttgnng  yon  reichlicher 
Nahrnng  (Ciliaten  nnd  Flagellaten)  weiter  geztjichtet.  Am  5.  Febrnar 
sah  ich,  daB  der  kernlose  Teil  bereits  frische  NahmDg  anfgenommen 
hatte,  nnd  zwar  in  Gestalt  eines  Infnsorinms,  welches  in  der  Anf- 
nahmeyacuole  noch  Bewegnngen  zeigte.  Am  7.  Febrnar  konnte  ieh 
abermals  eine  Nahmngsanfnahme  seitens  desselben  kernfreien  StUckes 
naehweisen,  da  ein  Infusorium  in  der  Anfnahmeyacuole  sich  befand 
and  darin  sich  bewegte.  Am  11.  Febrnar  warde  abermals  die  Anf- 
nahme  eines  Ciliaten  festgestellt. 

3)  Ein  Indiyidnnm  wnrde  (am  9.  MUrz  1897)  in  einen  kern- 
baltigen nnd  einen  kernfreien  Teil  gespalten,  welch  beide  Teile 
dann  anf  einem  Uohlglftschen  im  frischen  Wasser  bei  Gegenwart  yon 
geeigneter  Nahrnng  (Ciliaten  and  Flagellatea)  gemeinsam  weiter  ge- 
zilcbtet  wnrden.  Der  kemfreie  Teil  hat  noch  am  selben  Tage  ein 
ciliates  Infnsorinm  gefangen,  welches  in  der  Empfangsvacuole  sich 
lebhaft    bewegte.     Am   13.  Milrz    warden    in    eine   Aufnahmevacuole 
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zwei  Flagellaten  gefangen  (Genus  Chilojnoiias)^  von  welcheu  das  eine 
heftiger  bewegliche  Individuum  aus  der  Vacuole  sieh  befreite,  wahrend 
von  dem  andern  sieh  das  Protoplasma  dann  zurlickzog.  Am  14.  Mta 
sah  ich,  daB  der  kernfreie  Teil  soeben  ein  Flagellatenindividuum  in 
die  Empfangs vacuole  aufgenommeu  bat  (Taf.  V  Fig.  4,  5j;  nach  zwei 
Stnnden  hat  sieh  dann  die  Empfangsvacuole  znsammengezogen  and 
die  Beute  war  dicht  vom  Protoplasma  umschlungen. 

4)  Ein  fast  nahrungsfreies  Individuum  wurde  (am  23.  Marz  1897) 
in  einen  kernhaltigen  und  einen  kernfreien  Teil  zerlegt.  Beide  Teile 
habe  ieh  dann  am  Hohlglaschen  in  frischem  Wasser  unter  steter 
Nahrungserneuerung  (ciliate  und  flagellate  Infusorien)  gemeinsam 
weiter  gezUchtet.  Am  24.  Marz  zeigt  sieh,  daB  der  kernhaltige  Teil 
im  Protoplasma  reichlich  Nahrung  aufgenommen  bat  (Taf.  V  Fig.  3). 
Dagegen  hat  der  kernfreie  Teil  kurz  vor  der  11.  Stunde  vormittags 
ein  Flagellatenindividuum  (Genus  Chilomonas]  in  eine  geraumige 
Empfangsvacuole  aufgenommen,  worin  die  Beute  abwechselnd  heftig 
sieh  bewegt  und  wieder  zur  Ruhe  kommt  (Taf.  V  Fig.  1).  Bis  zur 
12.  Stunde  veurden  noch  zwei  andre  lebhaft  bewegliche  Flagellaten 
(derselben  Gattung)  gefangen,  von  welchen  spater  das  eine  Individuum 
aus  der  Vacuole  entwich  (Taf.  V  Fig.  2).  Am  25.  Marz  findet  sieh 
im  Protoplasma  des  kernfreien  Teiles  ein  zerstftrtes  Individuum  der 
Gattung  Coleps  und  eine  einzellige  Griinalge. 

5)  Ein  kernloses  StUck  wurde  (vom  1.  April  1897)  auf  einem 
Hohlglaschen  gezUchtet.  Bei  der  Durchmusterung  vom  2.  April 
wurde  im  Protoplasma  aufgenommeue  Nahrung  konstatiert  (einige 
Individuen  der  Flagellatengattung  Chilomonas^  ein  Individuum  der 
Ciliatengattung  Olauwnia^  eine  grline  Alge;  Taf  V  Fig.  6).  Weiter 
hat  man  beobachtet,  daB  soeben  ein  Individuum  der  Gattung  Ghu- 
coma  gefangen  wurde.  Der  plasmatische  Strom  hat  den  K5rper  des 
Infusoriums  in  solcher  Weise  umschlungen,  daB  ein  Teil  desselben 
auBerhalb  des  Protoplasmas  blieb,  indem  er  mit  dem  andern  (groBeren) 
von  der  Empfangsvacuole  umgebenen  Teile  durch  eine  stielformige 
Einengung  verbunden  wurde  (Taf  V  Fig.  6),  Im  folgenden  Augen- 
blick  wurde  diese  Einengung  durchgerissen,  der  groBere  Teil  des 
Infusoriums  wurde  vollkommen  von  der  Empfaugsvacuole  umgeben, 
dagegen  blieb  der  kleinere  Teil  definitiv  in  einer  Kugelform  auBerhalb 
des  kernlosen  Stlickes  (Taf  V  Fig.  7),  In  deu  folgenden  Tagen  fand 
man  im  Protoplasma  des  kernlosen  StUckes  glanzende  Nahrungsballen, 
bis  am  5.  April  keine  Spur  von  Nahrung  aufgefundeu  werden  konnte. 
Am  12.  April  wurde  der  Tod  des  kernlosen  Sttickes  konstatiert. 
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6)  Ein  mittels  Nentralrots  in  vivo  gefilrbtes  Individuum  wurde 
(am  25.  Marz  1900)  in  einen  kernhaltigen  und  einen  kernfreien  Teil 
zerlegt.  Beide  TeilstUcke  gerieten  zam  Zwecke  weiterer  gemeinsamer 
Knltnr  in  ein  Cylinderglftschen  mit  frischem  FluBwasser  und  frischer 
Nahrong  (Infusorien).  Am  28.  Mftrz  hat  der  kernhaltige  Teil  in  sei- 
nem  Innern  reichliche  frische  Nahrong.  Am  2.  April  fand  ich  im 
Protoplasma  des  kernfreien  Teiles  ein  frisch  gefangenes  Individnam 
der  Ciliatengattung  Cdeps.  Am  5.  April  ergab  die  Dnrchmusterung, 
daB  der  kernfreie  Teil  soeben  in  eine  groBe  Empfangsvacnole  ein 
Giliatenindiyidnnm  der  Gattnng  Lembadion  gefangen  hat.  Am  18.  April 
war  der  kernfreie  Teil  nicht  mehr  am  Leben. 

7)  Zwei  in  yivo  mittels  Nentralrots  ge&rbte  Individnen  wurdep 
am  26.  Febmar  1900)  in  je  einen  kernhaltigen  nnd  je  einen  kernlosen 
Teil  zerlegt.  AUe  yier  Teile  wurden  gemeinsam  anf  einem  Hohl- 
gl&schen  weiter  gezttehtet,  indem  sowohl  das  Wasser  als  aneh  die 
Nahrnng  hS.ufig  ernenert  warden.  Einer  yon  den  beiden  kernlosen 
Teilen  ging  kurz  darauf  zugrande,  wahrend  der  andre  langer  lebte. 
Am  11.  MUrz  warde  er  besichtigt,  nnd  nachdem  wieder  nene  Nah- 
rong ond  frisches  Wasser  hinzngeftigt  wnrde,  ergibt  eine  abermalige 
Beobachtung,  daB  sich  das  kemlose  Stttck  im  Zostande  des  Gleich- 
gewichts  befindet  und  soeben  ein  Giliatenindiyidoom  der  Gattnng  Ck>leps 
gefangen  hat.  Am  22.  Mftrz  war  yon  dem  kernlosen  Teile  keine  Spur 
mehr  yorhanden. 

vm. 

Die  Nahrungsaufnahme  bei  den  Indiyidnen  der  Amoeba  proteus 
geschieht  an  beliebiger  E5rperstelle.  Der  Nahmngsbissen  wird  in 
eine  Empfangsyacuole  (Aufnahmeyacuole)  eingeschlossen,  welch 
letztere  sich  spSlter  zusammenzieht,  bis  die  Beute  yom  Protoplasma 
dicht  umschlossen  wird. 

Stets  ger9.t  jedoch  die  Nahrung  infolge  der  Plasmu- 
strQmungen  schlieBlich  ans  Hinterende  des  K^rpers,  wo 
sie  eine  bestimmte  Zeit  yerharrt.  Sind  die  Dimensionen  der 
Nahmngsbissen  grOBer,  so  werden  letztere  auf  kleinere  Partikel  zer- 
brOckelt.  Es  greift  dann  sofort  die  chemisch-physiologische  Bear- 
beitong  des  eingefbhrten  Nahrungsmaterials  ein.  Um  die  Nahmngs- 
bissen hemm  zeigt  sich  ein  flttssiger  Hof,  es  entsteht  eben  dann  die 
Verdauungsyacuole,  worin  die  Nahrung  yerdaut  wird.  Die  in 
der  Vacuole  der  Verdauong  unterworfene  Nahmng  wird  durch  den 
plasmatischen  Hanptstrom,  welcher  am  Hinterende  des  Am5benk5rpers 
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begiant,  mitgerissen  und  wird  zum  Vorderende  geftthrt.  Hier  taucht 
sie  an  der  Oberflache  empor,  gelangt  zum  Hinterende,  geriit  wieder 
in  den  Hauptstrom,  um  abermals  zum  Vorderende  des  Korpers  sicli 
zu  bewegen  usw.  Wahrend  dieser  Circulation  wird  die  Nahrung  ver- 
daut,  die  eventuellen  nicht  mehr  verdaulichen  Reste  werden  dann 
am  hinteren  Korperteile  ausgegeben.  In  meiner  Arbeit,  welche  von 
dem  Verhalten  des  Neutralrots  im  lebendigen  Korper  der  Amoeba 
protetis  berichtet,  zeigte  ich,  daB  die  Verarbeitung  der  eingeftlhrten 
eiweiBhaltigen  Nabrung  so  stattfindet,  daB  dicse  bis  auf  Aminosauren 
sich  zerlegt,  was  durch  das  Auftreten  von  Leucinkristallchen  in  dea 
Verdauungsvacuolen  bezeugt  wird. 

Hat  man  mittels  Neutralrots  eine  Lebendfarbung  des  Korpers 
you  Ainoeba  proteus  vorgenommen,  so  sieht  man,  wie  ich  in  der  be- 
sagten  Arbeit  gezeigt  babe,  daB  sich  sowohl  die  Nahrungsballen  als 
auch  der  fllissige  Inbalt  der  Nahrungsvacuolen  (Verdauungsvacuolen) 
und  derjenige  der  mit  Leucinkristallchen  geftillten  kleinen  Vacuolen 
rot  farbt.  Bei  behutsamer  Farbung,  um  nicht  die  vitalen  Tatig- 
keiten  zu  alterieren,  findet  man  an  dem  hinteren  Korperende  ein  be- 
sonderes  Verhalten.  Man  entdeckt  namlich  eine  Gruppe  feiner  mit 
eineni  Stich  ins  Violette  intensiv  rot  gefarbter  Kornchen. 

Diese  Kornchen  sind  in  einen  Plasmakorper  von  undeutlicheu 
Umrissen  eingebettet  (Taf.  V  Fig.  14,  -x),  Weil  nun  die  Verdauung  der 
aufgenommenen  Nahrung  am  Hinterleibe  beginnt,  so  k5nnte  man  die 
Anwesenheit  der  besagten  Kornchen  in  eine  Causalbeziehung  mit 
der  Verdauung  bringen,  indem  man  sie  etwa  als  ein  Proferment  an- 
sieht,  aus  welchem  dann  ein  Ferment  cntsteht,  welches  in  einer  fltis- 
sigen  Form  die  aufgenommene  Nahrung  verdaut,  um  so  zur  Ent- 
stehung  der  Verdauungsvacuolen  den  AnlaB  zu  geben.  Den  die  K5m- 
chen  enthaltenden  plasmatischen  Korper  kann  man  auch  mit  der 
Existenz  des  plasmatischen  Hauptstromes,  welcher  vom  Hinterende 
der  Amoeba  den  Anfang  nimmt  und  zum  entgegengesetzten  Korper- 
ende sich  fortsetzt,  in  Zusammenhang  bringen. 

Man  kann  mit  der  groBten  Wahrscheinlichkeit  dafUrhalten,  daB 
der  plasmatische  mit  Profermentkdrnchen  gefUllte  KOrper  durch  seine 
ehemische  Natur  den  Impuls  zu  dem  genannten  Stromen  gibt.  Das 
Protojilasma,  welches  diesen  Korper  bertihrtj  >zieht  sich  zusammen*. 
Es  wird  von  der  Korperoberflache  ins  Innere  getrieben,  von  bier 
aus  drangt  es  sich  nach  vorn,  wodurch  der  plasmatische  Haupt- 
strom in  dem  Amobenkorper  realisiert  wird.  Ich  vermute,  daB 
ich  nicht  irre,   wenn  ich  auf  Grund  der  angeflihrten  Um- 
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st&nde  jenen  plasmatischen  E5rper,  welcher  die  yermut- 
lichen  Profermentkl^rnchen  (yon  ansgeprHgt  chemischem 
Charakter)  enthlllt,  ftir  ein  Homologon  des  Centrosoms 
halte. 

IX. 

HoFER,  welcher  bei  seinen  zom  Zwecke  der  Erforschung  der 
Verdaaong  bei  Amoeba  proteus  ansgefiihrten  Untersachungen  Lebend- 
f^rbangen  mittels  des  Bismarckbrauns  (VesuviDs)  ansgefUhrt  hat,  kam 
ZQ  dem  Resnltat,  daB  die  in  Yerdannng  begriffene  Nahrung  Schritt 
fUr  Schritt  intensiyer  sich  fUrbt  als  die  der  Yerdannng  noch  nicht 
anheimgefallene.  Er  fand  femer,  daB  kernlose  EOrperteile  yon  Amoeba 
proteus  nnr  insofem  der  Verdannng  f^ig  sind,  als  ihnen  schon  wah- 
rend  der  Teilnng  eine  genOgende  Menge  des  Yerdannngssecretes 
(EDzyms)  znteil  wnrde.  Nach  Hofer  geht  den  kernlosen  E5rper- 
teilen  der  Amoeba  proteus  die  Fahigkeit,  Yerdauungssecrete  zn  pro- 
duzieren,  yoUstluidig  ab,  und  es  ist  nach  ihm  diese  Tatigkeit  nnbe- 
dingt  an  die  Mitwirkung  des  Eems  gebnnden.  Anf  Gmnd  eines 
nmfangreichen  Materials,  welches  ich  in  dieser  Sichtang  nntersuchen 
konnte,  fand  ich,  daB  die  kernlosen  Teile  der  Amoeba  proteus  nicht 
nar  der  Nahrnngsaufnahme  fS,hig  sind,  sondern  daB  dieselben  anch 
die  aufgenommene  Nahmng  zu  yerdanen  yermOgen,  was  in  gleicher 
Weise  yon  der  anfangs  als  anch  in  sp^teren  Lebensphasen  aafge- 
nommenen  Nahmng  gilt. 

Es  m5gen  hier  noch  eingehendere  Belege  folgen.  1)  Der  fbr 
die  Nahrnngsaufnahme  angefahrte  Beleg  Nr.  1  ist  gleichzeitig  anch 
ein  Beleg  fbr  die  Nahmngsyerdanung.  Das  dnrch  kllnstliche  Teilnng 
eines  y5llig  nahrangsfreien  Indiyidnums  entstandene  kemfreie  Stttck 
hat  im  Yerlaufe  yon  24  Stunden  drei  Exemplare  der  Flagellaten 
CkUomoTuis  anfgenommen.  Das  eine  yom  Plasma  dicht  nmschlnngene 
Exemplar  war  frisch  gefangen  und  somit  noch  beweglich,  das  andre 
ebenfalls  yom  Plasma  nmgebene  Exemplar  &aBert  keine  Bewegnng 
mehr,  das  dritte  dagegen  befindet  sich  im  Stadium  derZer- 
st5rung  und  wird  yon  einer  Yerdaunngsyacuole  umgeben. 

2)  Ein  kernfreies  Stttck  wnrde  (yom  1.  April  1897)  am  Hohlgl&schen 
kultiyiert.  Am  2.  April  zeigt  die  Dnrchmusterung  im  Protoplasma 
eingefbhrte  Nahrung.  Es  ist  zn  unterscheiden,  daB  diese  aus  Infu- 
sorien  und  einer  grOBeren  einzelligen  Grttnalge  besteht.  Am  3.  April 
befinden  sich  im  Plasma  runde  EOrper,  n&mlich  Nahrungsballen,  und 
y.hnlich  auch  am  nllchstfolgenden  Tage.    AuBerdem  lIlBt  sich  eine 
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Nahrnngsvacnole  wahrnehmen,  in  welcher  eine  Gruppe  von  braunen 
au8  der  zerstorten  Grtinalge  entstandenen  Korperchen  liegt.  Am 
5.  April  wurde  gefanden,  daB  im  Protoplasma  weder  NahruDgsballea 
noch  die  besagte  Gruppe  von  braunen  Korperchen  sich  vorfindet.  In 
den  folgenden  Tagen  fand  keine  Nahrungsaufnahme  mehr  statt,  bis 
am  12.  April  der  Tod  des  kernlosen  Teiles  konstatiert  wurde. 

3)  Der  als  Beleg  ftir  Nahrungsaufnahme  sub  4  angefuhrte  Fall 
wurde  weiterer  Beobachtung  unterworfen.  Am  26.  Marz  fand  sich  im 
Plasma  noch  ein  Uberrest  des  zerstorten  Colepsindividuums  und  eia 
aus  der  grllnen  Alge  entstandenes  braunes  Zerstorungsprodukt.  Am 
27.  Marz  wurde  der  Uberrest  des  Infusoriums  nicht  mehr  angetroffen, 
wohl  aber  noch  der  dunkelbraune,  etwas  zusammengesunkene  K5rper. 
Am  28.  Marz  ist  letzterer  nicht  mehr  im  Plasma  anzutreffen. 

4)  Ein  Individuum  wurde  der  Lebendfilrbung  durch  Methylen- 
blau  unterworfen.  Es  zeigt  nach  seiner  Fiirbung  die  Nahrungsballea 
intensiv  blau  gefarbt.  Jetzt  wurde  das  Individuum  (am  27.  Febrnar 
1900)  in  einen  kernhaltigen  und  einen  kernlosen  Teil  zerlegt,  welch 
beide  Teile  dann  einer  gemeinsamen  Kultur  in  frischem  Wasser  nebst 
Nahrungszusatz  (in  einem  Uhrglaschen)  unterworfen  wurden.  Am 
3.  Marz  erscheint  der  kernhaltige  Teil  in  zwei  kernhaltige  Individuen 
geteilt  Der  kernlose  Teil  fuhrt  im  Plasma  kleine  Nahrungsballen, 
welche  tief  blau  gefarbt  erscheinen.  Von  den  kernhaltigen  Individaen 
wurde  nur  das  eine  weiter  geztlchtet.  Am  9.  Marz  fand  man  das- 
selbe  zweigeteilt.  Der  kernlose  Teil,  welcher  am  selben  Tage  durch- 
mustert  wurde,  zeigt  im  Plasma  kleine  noch  lebhaft  blau  gefarbte 
Nahrungsballen,  daneben  fUhrt  er  aber  auch  einen  soeben  ge- 
fangenen  Coleps.  Am  folgenden  Tage  ist  der  KOrper  der  Bente 
bereits  zerstOrt  und  blau  gefarbt.  Im  Protoplasma  befinden  sich 
dann  auBerdem  kleine  blau  gefarbte  Nahrungsballen.  Am  U.  Mara 
wurde  nur  noch  ein  unbedeutender  gefarbter  Uberrest  des  Infusoriums 
vorgefunden,  w^hrend  im  Protoplasma  daneben  noch  kleine  Wane 
Nahrungsballen  zur  Beobachtung  kamen.  Am  13.  MSrz  zeigt  der 
kernlose  Teil  nur  kleine  blau  gefarbte  Nahrungsballen. 

X. 

Kernfreie  Korperteile  von  Amoeba  proteus,  welche  die  Nahrung 
bereits  aufgenommen  und  verdaut  haben,  neue  Nahrung  indessen 
nicht  mehr  zu  sich  nahmen,  zeigen  am  Ende  dieses  Aktes  im  Proto- 
plasma krfne  NahrungsUberreste ,  sondern  nur  Leucinkristallcheu, 
welche   nach  meiner   frtiheren   Beweisfuhrung   als   eins    der  letzten 
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Yerdaaangsprodukte  zn  betrachten  sind.  Diese  Eristallchen  Dehmen 
bis  zam  Tode  der  kernlosen  Am5benteile  an  GrOBe  fortwahrend  zn. 
Danach  mnB  man  schlieBen,  daB  dem  kernlosen  Plasma  die  F^hig- 
keit  abgeht,  diese  Eristallchen  in  einer  Richtnng  zn  benntzen,  d.  b. 
ans  ihnen  nnd  noch  andern  Aminos9.nren  das  lebendige,  den  lebenden 
KOrper  znsammensetzende  EiweiB  zn  konstmieren.  Nnr  nnter  der 
Mitwirknng  des  Eerns  besitzt  das  Plasma  das  Verml^gen, 
die  lebendige  Substanz  anfzubanen.  Die  kernlosen  E^rper- 
teile  der  Amoeba  protetcSj  da  sie  Nahrnng  anfnehmen  nnd  verdanen 
k($nnen,  haben  eine  gentlgende  Energieqnelle,  kGnnten  somit  sehr 
lange  am  Leben  bleiben,  wenn  schlieBlich  die  Lebensmaschine  sich 
nicht  abnUtzen  wtirde.  Die  Anhaufung  von  Stoflfen  im  Protoplasma, 
welche  nicht  mehr  yerbrancht  werden  k5nnen,  tlbt  einen  sch9.dlichen 
EinflnB  ans.  Prodnkte  der  EiweiByerdauung,  welche  das  Protoplasma 
nicht  beseitigen  kann,  indem  ihm  die  F&higkeit  abgeht,  daraus  leben- 
dige Snbstanz  anfznbauen,  sofem  sie  ein  bestimmtes  MaB  der  An- 
h&afnng  ttberschreiten,  beeinflnssen  das  Protoplasma  schadlich  nnd 
haben  nach  gewisser  Zeit  seinen  Tod  znr  Folge. 


Ans  dem  Stndinm  der  kernlosen  Individnen  nnd  der  kernlosen 
Teilstflcke  der  Amoeba  proteus  ergeben  sich,  was  die  Tatigkeit  des 
Plasmas  nnd  des  Eerns  betrifft,  folgende  Schlttsse: 

1)  Das  kernlose  Plasma  ist  einer  dnrch  bestimmte  Bewegnngs- 
reaktionen  sich  anBernde  Keizbarkeit  fUhig. 

2)  Das  kernlose  Plasma  fbhrt  dieselben  charakteristischen  Be- 
wegnngen  ans  wie  das  kernhaltige  Protoplasma. 

3)  Das  kernlose  Plasma  ist  einer  Atmungs-  nnd  Excretionstatig- 
keit  fabig. 

4)  Das  kernlose  Plasma  vermag  Nahrnng  aufznnehmen  nnd  selbe 
zn  verdanen. 

5)  Das  kernlose  Plasma  ist  einer  Assimilation  in  der  Richtung 
der  Eonstrnktion  des  lebendigen  EiweiBstoflFes  (der  lebendigen  Snb- 
stanz) nicht  fUhig.  Das  vermag  das  Plasma  nnr  nnter  der  Mitwirknng 
des  Eerns. 
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9l(1  finem  provinciae  Eiderstadensis  septentrionalem ,  ubi  regio  inchoat  editioTy  quae 
ticitur  vemacula  Geest,  baud  procul  a  marchiia  ad  septentriones  vergentibus,  in  ora 
lotriae  nostrae  occidentem  spectanti,  nato  mihi  fieri  non  potuit,  quin  nomen  febris 
farchiaey  inde  a  prima  infantia  memoria  servatum^  ante  oculos  saepe  tulerit  morbi 
Etmqaam  imaginem  longe  diffiisi  et  metuendi.  Cujus  morbi  casus  quamquam  in  patriae 
niversitatis  EiUensis  institutis  clinicis  rari  tantum  curantur,  quum  tamen  occasio  febris 
lius  memoriam  revocandi  non  deewet,  coMilium  in  ai^iaio  est  adamatum,  tractando 
anc  rem  summum  doctoris  honorem  adipiscendi. 

^  Nova  aflferre  nolui,  sed  dare  volui  febris  descriptionem  quam  maxime  proba- 
piem  et  quatenus  fieri  potuit  expositionem  statisticam,  quomodo  in  marchiis  patriis 
laximeque  Eiderstadiensibus  illud  genus  febriculosum  apparuerit.  Quod  conanti  mihi 
ifficultates  devincendas  ne  dicas  parvas,  positae  sunt  primum  in  hoc,  quod  casuum 
bservandorum  nulla  mihi  ipsi  oblata  est  umquam  occasio  inque  primis,  quod  num< 
nam  vidi  epidemiam  proprie  sic  dictam;  deinde,  quod  quidem  minoris  est  momenti, 
t  hoc,  quod  satis  magnus  eorum  numerus  deest,  quae  sectione  inventa  sunt,  quoniam, 
jt  postea  videbimus,  perpauci  homines  hac  ipsa  febri  aflfecti  mortem  obeunt. 
,  Itaque   ea,   quae  sequuntur,    e  medicorum  in  Marchia  optimorum  relatis  quum 

jftuserim,  literas  ad  banc  rem  pertinentes  diligenti  judicio  magna  cura  subjeci,  adjeci 
fltem  pauca  tantum  a  me  ipso  observata. 

I  Tractandi  hie  erit  progressus,  ut  enumeratis  Uteris  primariis,  primum  morbum 

pscribam,  deinde  aetiologiam,  qualis  observanda  mihi  videtur,  instituam,  denique  ut, 
ixmbrata  morbi  quasi  imagine,  in  uno  ex  omnibus,  quae  nunc  probantur,  nosologiae 
^etemate  ei  loeum  suum  tribuere  operam  dem. 


Literae  ad  febrem,  quae  dicitur^  Marchiae  pertinentes  in  Slesvigia  Holsatiaque 
licatibus  observatam,  sicut  ad  epidemiam  febriculosam  aestate  anni  1826  grassatam: 

Irenaeus   Vehr^  De  febre  continua  epidemica  Marchiam  Ao.  1641  infestante, 
Chfristophet^us  TinetoriuSj  De  febre  continua  Ao.  1640. 
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\  Fried.  Hoffmann,  De  febre  maligna  Marchiae  epidernia  1699. 

HannaeuSj  De  febribus  Eiderostadenses  corripientibus  epidemicis.     Dissertatio 
^  guralis.     Hafniae  1735. 

P.  C.  LuderSy    Kirchenprobst ,   Abhandlung  von   der   Marschkrankheit y   die  unter 

Namen  Stoppeljieher  bekannt  ist     Flensburg  1761. 
Dohmy  Dr.,  Physikus  in  Heidcy  KUstenepidernie  von  1826,    insbesondere  in  Nord 

marschen.     Altona  1827. 
Dohm,  Physikus  in  Heidey  Altonaer  Mercur  von  1826,  No.  168. 
Friedlieby   Dr.,  Phys^ikus  in  Hicsuniy  Bericht  uber  die  re-  und  intermittirenden  K 

heiien  und  Marschfieber  im  Husumer  Physikatsdistrict  y   besonders  ira  Jahre  '. 

27,  28,  29. 
Dr.  Hachmanny  Die  Epidemie  in  Ritzebilttely  im  Hamburger  Gebiet  1826. 
Dr.    Wendty  Kritisk  Resultat  angaaende  en  i  Aaret  1826  herskende  Epidemie.    K\ 

havn  1831. 
t  Mansay   TJeber  die  Kaltfie  erepidemie  auf  Lange'and  1826. 

i  De  febre  Marschiae^  quae  diciton 

}  (Nomina  eidem  morbo  apposita  lingua  yemacula  stmt:  Aehrenseuche,  Stoppelseuehe.) 

In  febris  genere,   quod  titulus  perhibet,  stadium  prodromorum  si  apparet 

•  commodis  gastricis  diu  raanentibus  atque  levibus  constat,  nee  non  universa  lassitv 

nt  hominem   pigeat   omnis   operae    antecedentis.      Usitatum  est,    quod   febris   pri 

apparet 
\  I.    ex  stadio  reinittentis. 

^  Comprehenditur  homo  subito,    tempore,   ut  solet,    meridiano,    frigore  jac 

succedente    ardore    atque    sudore.      Accedunt   dolores   vehementes  et  contrahent 
regione    epigastrica,    ructus,    abdominis   tympanitis,    flatulentia.      In  plerisqne  ca 
simul  aeger   de   pressione   ipsisque    doloribus  magnis  in  regione  biliosa  queritur 
gioiies    et    epigastrica    et    biliosa   pressione  irritantur  et  abdomen  eflatum  quidei 
nee   tamen   dolorosum.     Febris   naturam  induit  remittentem ;    pulsus  plenus  et  n 
ratus  est  et  raris  casibus  apprime  frequens.     Deinde  celerrime  accedunt  cetera  o 
gastritidis   indicia   acutae.      Crescit    circa  praecordia   angor,    sequitur  nausea  et 
post  vomitus.    Lingua  crasse  et  late  contegitur,  sitis  adest  plerumque  vehemens, 
tactu  est  calidissima,  facies  et  oculi  sanguine  abundantes  turgescunt.    Primum  cibc 
quod  reliquum  est  vomitu  ejicitur,  deinde  cjectum  magis  magisque  fit  subviride, 
sum  5  amarum. 

Morbus  rarioribus  casibus  in  hfic  gastritidis  acutae  similitudine  sola  acqui 
sed  corapluribus  alia  accedunt  indicia,  quae  morbum  ad  gastroenteritidis  similitud 
magis  commutant.  Sequuntur  enim  alvi  dejectiones  vehementes  atque  turbidae,  i 
dum  etiam  quasi  prosilientes,  quales  usitata^i  sunt  in  proctitide.    Quae  faecium  eject 
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»njunctae  plerumque  sunt  cum  tenesmo,  nee  raro  observantur  abdomen  tumidum  et 
kstulentia,  colica  fere  absente.  Gastroenteritidis  haec  signa  quum  adsint,  aegrotus  de 
tapite  compresso  et  cephalgia  vehementi  queritur.  Procedente  morbo  turbulentissime, 
lensnam  errores,  hallucination'es,  deliria  eaque  furibunda  saepe  observantur.  Corporis 
emperatura  universa  valde  aucta  atque  elatior;  lingua  in  siccitatem  prona^  sitis  vehe- 
Dens.  Urina  excreta  pauca  aut  normali  est  specie,  aut  mediocriter  excitata,  mixta 
ion  raro  cum  acidi  urinosi  sedimento.  Sin  indicia  tempore  mauent  longiore,  aeger 
tepe  fit  soporus,  vel  etiam  comatosus.  Cutis  fit  frigidior  et  sudore  glutinoso  conte- 
ftkar.  Ipse  pulsus  minutior  minus  sibi  constat,  nee  voiente  aegro  faeces  urinaque 
pciuntur.  Si  sui  adhuc  compos  erit  aegrotus,  de  surarum  tetano  interdum  queritur.  — 
Tegari  non  potest  magnam  huic  conditioni  similitudinem  inesse  cum  cholera  nostrati. 
lolta  tamen  priori  absunt  indicia,  posteriori '  quae  propria  videntur  atque  singularia. 

iiei  imperiti  ipsique  medici  parum  experientes  non  raro  timent,  morbo  tam 
amultuose  procedente,  ne  mors  intret  celerrima,  quum  medicus  quisque  magno  usu 
•raeditus,  non  nesciat,  curandi  quidem  experimenta  in  hoc  morbi  stadio  parum  esse 
tilia,  mortem  tamen  rarissime  intrare.  Medicus  ad  auxilium  accitus  aegrotum  plerum- 
ue  invenit  hac  gastroenteritidis  acutae  ratione  affectum.  Horas  nonnuUas  post  omnium 
idiciorum  remissio  quaedam  saepe  sequitur,  die  autem  sequente  tempore,  ut  solet, 
^re  eodem,  quam  quo  morbus  primum  institit,  altera  omnium  signorum  exacerbatio 
bservatur.  Multis  casibus  ab  initio  ratio  tertiana  manifesta  insit«  est^  ut  diebus  im- 
aribus  omnia  indicia  multo  graviora  appareant.  Quod  morbi  stadium  tres  plerumque 
ebdomades,  at  interdum  aut  longius  aut  brevius  susistit.  Tempore  procedente  omnia 
idicia  iraminuuntur,  ut  primis  saepe  diebus  videantur  vehementissima.  Si  conve- 
ientem  aegrotus  se  habuerit,  in  hujus  stadii  fine  omnia  indicia  acuta  amissa  erunt. 
'ebris  turn  est  minuta  obtecta,  appetitus  deest  fere  omnis  crebrarumque  dejectionum 
itestinalium  loco  obstrucrio  apparet.  Aeger  se  fessum  et  demissum  sentit,  sui  tamen 
mnmo  compos  conscientiaque  est  nuUo  modo  perturbata.  Cutis  calore  est  pallido, 
lepe  lurido  vel  cadaveroso.  Inde  ab  hoc  tempore  magis  magisque  manifestior  ex- 
Ifcatur  febris  natura  et  instituitur  stadium  consequens.  Jam  nunc  lienis  crescens 
nnper  magnitudo  animadverti  potest.  Contra  si  neglectum  se  habuerit  aegrotus,  illud 
»dium  in  longum  tempus  producitur,  nulla  febris  forma  manifesto  apparente. 

De  hujus  stadii  complicationibus. 

Signa  cerebri  y  quibuscum  stadium  saepissime  complicatur,  ab  initio  saepe  ap- 
irent,  quum  nos  cohibeant,  quominus  veram  morbi  quasi  imaginem  intelligaraus. 
aque  non  solum  ansam  dant,  ut  febrem  cum  typho  confundamus,  sed  difficile  etiam 
sddant,  imprimis  apud  infantes  a  morbis  cerebralibus  febrem  recte  distiuguere. 
bjusraodi  complicatio  tam  est  frequens,  ut  in  superiore  cum  ceteris  morbi  indiciis  a 
fe  descripta   sit.      Cujus   causam,    si  inquiries  ratione   pathologic©  -  anatomica,    raro 
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positam  esse  in  meningitide  et  exsudatione  inde  proficise^nti,  sed  plemque  in  cttibm 
in  Tiimia  <^erebri  hypepaemia  inescie  inveniena.  In  qaa  tamen,  m;axime  bi  airteriintm 
morbus  simnl  adest,  mors  sitbita  eaqiue  apoplectica  ingrisere  facile  potest 

Pneumoniae  etiam  cum  atadio  febria  supra  deteripto  complicatio  frebris  &i^ 
ibi  praecipue^  ubi  tubercula  adsunt,  quibos  ad  ineundam  compIieatioAeai  incUnallio 
quaedam  primum  insita  est. 

Infiammation0m  membranarum  serosarum,.  pleurae,  pericardii^  peritonaei,  qmimvii 
ceteroquin  rariorea  appareant,  passim  observantur  perinde  atque  in  endocardidde,  si 
conveni^t  ratio  quaedam  epidemica  idonea.  Conclnaio  igitor  ex  analogia  facta  est^ 
qtia  indicia  cerebralia  rara  tantum  eat  nKembranarum  aerosarum  inflammatione  oriri 
in  superiore  professus  sum. 

Cum  rheumatisma  fehns  complicata  rarius  etiam  observatur,    et  rarissime  cum 

rheumatismo  articulari ;  utriusque  tamen  rheumatismi  forma  interdum  reperitur.  Geterum 

omnes  fere  morbi  complioationea  ineunt.    Orebriores  autem  erysipelas  et  parotitis  Mre 

videntur. 

//.     De  intermittentls  studio. 

Stadio  intrante  a^groto  adsunt  omnia  indicia^  quibus  intermittens  in  longos 
tempus  producta  apparere  alias  solet,  coneoquendi  facultas  imbecillima,  appetitus  ab« 
sens,  taedium  et  imbecillitatis  sensus  ceteraque  alia.  Cutis  colore  saepe  est  lucido^ ; 
cadaveroso^  livido,  sicca,  squammulis  secedentibus.  Abdomen  saepe  afflatum  est,  lien 
magnitudine  crescere  animadvertitur  vel  saepe  tumoram  exhibet  magnam.  Hepar  etiam 
majus  invenitur.  Primo  tempore  febris  forma  intermittentia  manifesta  distingui  non 
potest,  quum  crebro  forma  mutetur,  post  autem  praecedentibus ' tribus  vel  quatuor 
paroxysmis  minus  claris,  si  fauste  eyeniet,  forma  constituta  erit.  Sin  male  se  gesserit 
aeger  aut  mala  erit  oonstitutione,  certa  febris  forma  interdum  nulla  omnino  apparebit. 

Forma  febricula  creberrime  observatur  tertiana,  modo  pura,  modo  duplicate, 
modo  duplex.  Hannaei  haec  sunt  verba:  „quantum  hactenus  obsiervavi,  febres  referri 
possunt,  vel  ad  tertianas,  modo  continuas,  modo  duplices,  modo  duplicatas,  modo 
anomalas."  Rarius  observatur  intermittens  quartana^  numquam  fere  quotidiana.  Forma  ^ 
febricula  anteponens  sive  postponens  creberrima  est.  Itaque  in  hoc  stadio  saepissime 
invenitur  febris  intermittens  tertiana  anteponens  sive  postponens.  Si  febris  fornu 
manifesta  exculta  erit,  temporis  momentum  ad  adhibendi  curandi  rationem  idoneum 
aderit  et  plerumque  turn  continget,  ut  remediis  febrifugis  lege  artis  adhibitis  ipse 
morbus  depellatur.  Sin  autem  aegrotus  male  se  geret  sive  tenui  erit  constitutionei 
certa  febris  forma  multis  casibus  aberit,  iisque  quidem  difiicilibus,  qui  curari  el 
prognosi  distingui  possint  Turn  enim  omnia  apparent  indicia,  quae  morbos  sangia^ 
neos  interque  hos  imprimis  intermittentem  consequi  novimus.  Quae  in  posterior 
afferentur,  ubi  de  morbis  febrem  consequentibus  sermo  erit.  Jam  vero  morbo  cura^ 
tione  prosperrima  depulso,  interdum  tamen  mali  morbi  consequuntur ;   certum  salteBlj 


"^ 


%tf  infirmitetis  sensnm  animumque  depreBsum  longiore  tempore  restare^  partes,  per 
Qis  concoqiutury  diu  esse  hebeiatas  hominemque  in  universum  ad  aegrotandum  esse 
Tonum.  Qui  quidem  faciUime  febri  recidiva  aficitur^  de  qua  postea  senno  orit,  ubi 
«  ceteris  morbis  consequentiAus  dicemus. 

He  Borbis  febren  couBeqoeiitibiis. 

Febris  recidiva  quum  morbus  iteratus  tantum  sit,  non  oportet  amplius  tractetur. 
temorandum  tamen  est,  in  recidiva  stadium  remittentis  brevius  plerumque  esse  nee 
sque;  ac  in  primo  morbo,  tumultuosum  procedere,  recidivam  autem  propter  consti- 
ttionem  praecedenti  jam  morbo  turbatam,  quum  et  processus  minime  sibi  constet, 
ifficiliorem  semper  esse,  quae  sublevetur.  Deinde  tumores  lienis  semper  fere  febrem 
)]isequuntur,  unde  fit,  ut  et  in  nutriendum  ct  maxime  in  sanguinem  comparandam 
«mbrum  morbosum  mutuam  vim  suam  referat.  Quod  quae  sequuntur,  apparent  in 
iccis  viribusque  corruptis,  saepe  in  morbo  hydropico,  nee  raro  mors,  praecedentibus 
ijusmodi  signis,  intrat.  —  Morbus  Brighti  saepe  hydropi  suppositus  esse  videtur,  per 
I  tamen  febrem  raro  consequitur.  —  Sepatis  affectiones  morbosaSy  febrem  non  raro 
tnsequentes^  ex  magnitudine  hepatis,  modo  magis  modo  minus  aucta  apparere  con- 
itt  Telarum  mutatio  constare  censetur  tum  in  eo,  quod  vernacula  dicimus  lingua 
peckige  Entartungj^^  tum  in  mutatione  quadam  ad  id,  quod  dicimus  j^etthaltige  MuskaU 
mleber.^*  Quas  degenerandi  formas  vel  semper  consequetur  universa  cachexia,  cre- 
trrime  autem  hydrops,  cujus  origo  posita  plerumque  erit  in  ascite.  —  Tuberculosis. 
aximo  periculo  febris  genus,  de  quo  dicimus,  iis  hominibus  esse  solet,  qui  ad  phthisin 
toram  tamquam  hereditate  pronam  habent,  aut  qui  ea  jam  affecti  sunt.  Tuberculosis 
:  febri  orta  crescit  plerumque  vehementissima,  quod  quidem  ex  febris  vi  in  nutrien- 
im  male  valenti  explicari  debere  verisimillimum  videtur.  Sed  phthisis  interdum  in- 
itat  homines  adhuc  sanos,  nulla  causa  tamquam  hereditaria  ad  eam  inclinantes.  — 
tteri  morbi,  qui  consequuntur,  plurimi  ex  singula  quaque  praecedentis  febris  compli- 
done  profiscuntur,  exempli  gratia  cordis  vitia.  Qui  quum  parum  sibi  constent,  inter 
108  morbos  consecutos  numerari  vix  possunt. 

Qaae  institata  sectione  obderyata  sint 

Quum  aegros  febri  Marchiae,  quae  dicitur,  atfectos  raroe  tantum,  eosque  ne 
a  quidem  febri,  sed  aliis  morbis  eacum  complicatis,  vel  foTtuito  accedentibus  ten^ 
OS,  mortem  obire  in  superiore  dixerim :  sectionum  institutarom  numerum  parrum^ 
(He  quae  ifnstitutis  illis  in  lucem  prolata  sint,  pauca  tantum  esse  necesse  est* 
leram  equidem  dedi,  res  quam  plurimas  e  diversis  epidemiis  a  medicis  compluribus, 
lituta  sectione,  disquisitione  pathologico  *  anatomica  collectas  inter  se  comparare. 
be,  quamvis  numero  paucae,  probant  tamen,  id  quod  sectione  maximum  repertum 
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sit,  cum  illo  omnino  convenire,*  quod  intermittentem  malignam  sequi  soleat,  i 
ratione  etiam  anatoinica  febrem  marchiae  eandem  esse  atque  febrem  intermitti 
constet.  In  quo  quaniquam  confiteri  debeo,  me  propriis  oculis  nullam  post  fi 
illam  mortui  sectionem  inspexisse,  contendo  tamen,  tltlia  in  ea  Dumquam  ob8€ 
qualia  febrem  cum  typho  eundem  esse  morbum  testentur.  Itaque  (Juae  de  sectio 
anno  1847  institutis  tradidit  LOfSerus,  chirurgus  militiun,  quum  fere  in  omnibi 
mores  intestinalestyphosi  apparuerint,  ita  impugnare  velim,  ut  eos,  qui  secti  sint 
febri  ilia,  sed  typho  raortuos  esse  contendam.  Quod  eo  magis  velim,  quum  in 
Eiderstadensibus  aestate  ejusdem  typhi  ceite  casus,  nee  tamen  febris  illius  curt 
fuisse  audiam. 

Ea,  quae  sectione  apud  eos  in  stadio  reinittentis,  qui  mortui  erant,  inventa 
omissa  complicatione,  quam  cujusque  fere  mortis  veram  causam  fuisse  demon 
potest,  haec  fere  erant:  in  cavo  cerebri  meningae  et  sinus,  cerebrum  ejusque 
sanguine  abundantia,  ventriculi  cerebri  plerumque  liquore  seroso  pleni,  in  cavo 
minis  lien  et  hepar  magnitudine  magis  minus  normali,  sed  moUia  et  sanguine  co 
ductus  choledochi  saepe  obturati.  Stomachus  cum  cetero  tractu  intestinal!  di 
inter  se  ratione  inflamniati  inveniebantur.  Glandulae  tractus  intestinalis  in  sii 
quidem  casibus  tumidae  erant ;  nee  tamen  ulcera  intestinalia  locum  obtinuisse  trai 
est.  Renes  tum  hyperaemiam,  turn  primum  stadium  morbi  Brighti  exhibebant, 
erant  —  idque  saepissime  —  conditione  normali.  In  cavo  thoracis  organa  pleru 
erant  sana,  aut,  prout  complicatio  singula  semper  aderat,  affecta. 

Quae  sectione  apud  eos  inventa  sunt,  qui  in  stadio  intermittentis  moi*tui 
adeo  cum   iis,    quae   intermittenti  vulgo  reperiuntur,    convenerunt,    ut  sat  esset 

ipsa  memorare. 

Prognosis. 

Prognosis  in  singulis  casibus  diversissima  est.  Fausta  institui  potest,  si  ho 
alioquin  sani  aetate  sunt  media,  contra  gradatim  infaustior  erit,  prout  condil 
erunt  minus  convenientes.  Morbum  semper  pendere  a  nutriendi  turbatione  vehei 
in  longum  tempus  producta,  in  superiore  verbo  jam  attigi.  —  Recidivae  igitui 
gnosis  propterea  erit  minus  prospera,  quod  nutriendi  turbationibus  corpus  di 
propter  morbmn  praecedentem,  expositum  fuerit,  in  quo  causa  etiam  est,  cur  et  m 
difficilior  sit,  qui  sanetur,  et  crebriores  morbi  consequantur.  Casus  in  tempuj 
rogati  eorumque  hominum  morbi,  qui  infirma  tantum  sunt  constitutione,  duplici  n 
infausti  sunt.  Altera  quum  non  raro  accedat,  ut  nulla  febris  forma  manifesta  ap] 
itaque  temporis  momentum  certe  observare  vix  possis,  quo  sanandi  ratione  o 
inchoes,  quo  fit  ut  morbi  sublevandi  finem  difficile  assequaris;  altera  quum  ad  e 
recidivas  tum  inclinatio  saepe  sit  magna  morborumque  numerus  consecutoruii 
parvus.  Complicationum  perinde  atque  morborum  cOnsequentium  prognosis  pro  g 
diverso    diversa    erit.     Itaque    in    universum    febri    marchiae    in   rerum   conditic 
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Ktttis  prognosin   etiam  prosperam  institui  posse  contendo,    quum;    si  contrariae  res 
Nmt,  praevideri  non  possit,  quae  futura  sit  vis  ejus  damnosa. 

Therapia. 

Prophylaxis  eo  constat ,  quod  epidemiis  grassantibus  homines  nondum  affectos 
ksrchia  amovendos  curatur.  Quod  quidem  semper  fieri  non  potest;  ubi  tamen  poterit, 
(minibus  imbe^illis  ad  tuberculosin  inclinantibus^  id  maxime  suadendum  est. 

Curatioy  in  utroque  febris  st-adio  diversa,  a.medicis  marchiam  habitantibus 
itione  fere  semper  eadem  adhibetur. 

In  stadio  remittentis  —  idque  maxime  in  casibus  non  praeter  usum  proceden- 
Inis  —  gerendi  ratio  ad  regulam  quandam  exaequanda  tantum  est.  Cures  enim 
^grotos  in  cubiculo  bene  temperato,  sicco,  a6ri  pervio  oubandos,  lecto  tranquille 
nendos.  Cibos  proponas  leves,  ad  solvendam  alvum  non  idoneos,  jura  imprimis 
miaria  parva  multitudine.  Medicina  non  opus  est,  praebere  tamen  potest  solution  es 
\in  bicarbonici,  saturationes,  pulveres  aerophoros,  aquam  Selters.  Alia  sicut  enietica, 
krgantia,  apta  tantum  afferuntur  in  stadii  prodromo,  rarius  observato ;  morbus  post* 
lam  ingruit,  male  ilia  feruntur.  —  Alvum  obstructam  auferet  ol.  ric.  cochlear, 
omitus  si  minus  est,  a  plurimis  medicis  proponuntur  potiones,  quae  vernacula  di- 
intur  ,ykoklensdurehaltigef^^  aut  tincturae  antispasmodicae,  quarura  sunt:  tinctura  Valer. 
th.,  liq.  c.  c.  succ,  liq.  Ammon.  anisati  et  cetera.  Alii  glaciem  adhibitam,  sive 
lulas,  quae  dicuntur  ,,Eispillen,^^  magnae  utilitati  esse  profitentur.  Alii  hyperemesin 
iblevare  conantur  remediis  derivatoriis ,  regioni  abdominal!  applicatis,  cucurbitis. 
iarrhoeae  nimiae  difficiliores  etiara  sunt,  quae  curentur.  Opium  abhibendum  non 
se  omnes  fere  medici  inter  se  conveniunt,  quippe  quod  cerebri  congestiones ,  jam 
lae  adsint,  augeat. 

Plerique  medici  liquores  acriores  applicando,  aut  sinapismos  abdomini  infri- 
ado  prodesse  student.  Adhibentur  etiam  clysteres  amyli  et  opii.  Diarrhoeas  im- 
^are  medicamentis  internis  jam  propterea  difficile  est,  quoniam  simul  adesse  solet 
imitus  vehemens,  quo  medicina  statim  ejicitur.  Febri  dominante  vehementissima 
unique  si  magna  cerebri  symptomatum  ratio  aderit,  utile  erit,  cerebri  hyperaemiam 
impugnare,  quod  cataplasmata  frigida,  sacculi  glacie  impleti  adhibentur  hirudines- 
le  regione  temperali  applicantur.  Exitus  lethalis  si  complicatione  aliqua  impendet, 
piediis  singulo  cuique  casui  convenientibus  agendum  erit.  Cunctis  casibus  unum 
medium,  sive  castoreum,  sive  mochum,  sufficere  cum  medicis  nonnullis  marchiam 
intantibus  vix  consentiam. 

Stadium  intermittentes.  Ipsa  curatio  medica  in  hoc  febris  genere  tum  demum 
^hoat,  si  febris  forma  manifesta  exstare  coepit,  vel  ut  rectius  dicam,  manifesta  con- 
tuta  erit.  Quum  indicia  tumultuosa  et  gastrica  fere  omnia  amissa  sint,  perturba- 
ffies   tamen    tractus   intestinalis  saepe   adhuc  adsint,    remediis,    remediis   febrifugia 
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praemissis,  concoquendi  facultatetn  mBliorem  i*eddere  medici  sol«iit.  Quem  ad 
praebetur  natrum  bicarl>otiicuni,  chlorammotiium,  reraedia  amara  ceteraque  pauca 
tarn  en  licet  ipsum  febrifugum  nimis  cunctari,  quod  quidem  semper  fere  bene  f 
Febrifugum  plerumque  est  chininum ;  alia  febrifiioja  quae  secuta  sint  nescio.  Id 
bendo  chinino  rationem  medici  sequunter  in  intermittent^  usitatam,  at  utile  est, 
iugum  I'atione  prophylactione  diebus  usitatis  reiterare.  Quomodo  setnper  ft 
morbum  toUendum  satis  valet.  Quo  sublato,  curatio  subsequens  accurate  ac 
debet,  et  quae  ad  cibos,  saneaeenti  pffMsbendoe^  et  quae  ad  totam  gercndi  rat 
pertinet,  quum  alioquin  non  solum  tardior  sit  convalesccndi  progressus,  ntd 
recidivae  aliique  morbi  instent.  Difficile  esse  potest,  adhibendi  febrifugi  mom 
recte  judicare,  si  vehementer  febris  aut  anteponit  aut  postponit.  Febri  magis 
dente,  quum  certa  plerumque  forma  appareat,  utilius  esse  dicitur,  febrifugi  ua 
aliud  tempus  difPerre.  Casibus  nimis  productis  aegrisque  malae  constitutionis  chi 
adhibitum  non  sufficit.  Saepe  chinino  cum  opio  aut  cum  remediis  amaris  con 
id  saepe  assequeris,  quod  solo  chinino  non  potueris  assequi.  In  aliis  etiam  c; 
imprimis  postquam  chininum  ratione  convenienti  jam  adhibitum  est,  febris  eo  vi 
quod  chinini  usus  in  tempus  differtur  satis  posterius,  aut  quod,  si  antea  poi 
datae  sunt  majores,  turn  portiones  praebentur  minores  et  sic  ex  contrario.  XJl 
refugium,  perinde  atque  in  febri  intermittent!  tenaci  in  eo  inest,  quod  aegrc 
aliam  terrae  regionem,  eamque  quidem  editiorem,  quae  Geest  dicitur,  a  marchia 
niaxime  remotam,  transfertur. 

Recidiva  simili  ratione,  qua  morbus  praecedens,  curanda  est.  Morborum 
tio  consecutorum  alia  non  est,  quam  quae  universa  lege  therapeutica  ad  eos  perl 
praescripta  est. 

Brevia  qnaedam  de  epidemia  longias  atque  yehementius  grassata  ne 
de  ratione,  quae  inter  febrem  Marchiae,  qnae  dicitur,  intercedat  et  i 

in  regiooe  aequinoctiali  grassatas. 

Descriptione  mea  superiore  genus  febriculosum  post  Marchiam  ditum  ita 
quale  et  in  plerisque  epidemiis  minus  gravibus  et  maxime  in  provincia  Eiders! 
inde  ab  anno  1826  observatum  sit. 

At  animo   conspiciemus  morbi  quasi  imaginem  multa  ratione  aliam,    si 
dierimus,   quae  de  epidemiis  gravissimis,   quae  grassatae  sunt  anno  1614,   deit 
1640,   mox  an.  1699,  turn  an.  1734,   postea  an.  1791,  denique  an  1826  obser 
literis  tradita  sunt. 

At  epidemiae  indiciis  et  processu  inter  se  ita  differunt,  ut  de  singula  ep 
in  omnem  partem  satis  hoc  loco  non  possit  tractari.  Epidemia  anno  grassi^a 
ea   quidem    optime    descripta,    haec   fere  fuisse  nobis  videtur.     Exstitit  per  te 
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I  ftpatium  iskde  nb  viltima  mense  Junif^  u^quQ  eib  mediam  inensem  Dece^brem.  Morbi 
pdPecessaa,  quam  maxime  diversus,  saetpissime  hie  erat:  Aegri  vebementi  et  animi  et 
corporis  depr683ioa6  affiiebantur.  Qua  postquam  diutius  aut  brevitis  occupati  sunt, 
in  ipaum  morbum  moiderunt,  ingruente  yehementi  febri  remitteute,  illi  v,Qjk  di^simili, 
qaam  in  superiore  de^ripsimus.  Signa  gastrica  plepumque  non  erant  tam  gravia,  et 
ifisigvis  febria  remUsio  vulgo  observabatu?.  Exacerbationes  non  temper  vesperi,  8ed 
aliis  qoopue  diei  tesaporibua  apparebant,  conjuncti$  fere  semper  vomitu,  angore,  fri- 
gore,  qui  quidem  oum  ardore  mutabatur,  neo  raro  erat  yebementiwrnus.  Praeteresjk 
morbo  prooedenti  ratio,  quae  dioitur,  tertiaQ<a  aderat,  ut  febri^  incidiaque  consecuta 
diebus  imparibua  graviora  easent,  quam  paribue.  Dies  plerumque  quatuordecw  post' 
qoAm  proeessit,  morbus  transire  solebat  in  stadium  quoddam,  ut  verbo  dicam,  typhoide^ 
cujoa  post  exitum  quum  apparuissent  omnia  typhia  signa,  aut  valetudo  d^niqiie  resti^ 
tsts  est,-  aut  mors  intravit.  Nee  tamen  morbum  fuisse  aut  ipsum  typbum,  aut  stadium 
t^'pboide  tale,  quale  in  cholera  morbo  obaefvari  potest,  satis  testantur  de  corporum 
sectiose  inde  ex  illo  tempore  literis  tradita,  maxime  memoranda  ilia  Frickii  de  epi- 
i&am  Gromngiana ,  illaque  Hachmannii  de  epidemia  I^itzebtlttelam  infestante,  prae- 
feoturam  Hamburgensem. 

Quamquam  haec  quoque  epidemia  tarn  diversum  morbi  processum  singulis  ca, 
libns  exhibiul,  ut  indicia  fere  omnia,  quae  in  febnbus  apparent  intermittentibusi 
obaervarentur. 

Tanta  indiciorum.varietas,  regnante  epidemia  graviore,  memoriam  nobis  affert 
iUoruni,  quae  de  febribus  in  rpgione  aequinoctiali  gras^atis  Senac  (1.  c,  p.  158  sqq.) 
iescripsit,  qui  quidem  ex  una  epidemia  variisissima  perhibet  signa  observata,  utpote, 
^se  alias  coUigas  neeesse  est  ex  omnibus,  quae  de  febribus,  aestuosas  terrae  regiones 
iDfestantibus,  passim  observata  sunt.  In  univer^um  genus  febriculosum  in  Marchia, 
foalis  est  ejus  natura  in  epidemiis  vehementissimis,  febri  simiUimum  est  in  regione 
frajssatae  aequinoctiali. 

Quum  longum  esset,  singulam  quamque  epidemiam  febriculosnm ,  quae  Mar- 
chiam  infestaverit ,  hoc  loco  describere,  in  superiore  eae  tantum  literae  allatae  sunt 
«d  rem  pertiuentes,  quas  propriis  ooulis  inspexi.  Librorum  illorum,  quibus  febres  in 
Ntis  graasatae  peregrinis,  maxime  in  regionibus,  a  circulo  aequinoctiali  proximis, 
4escribuntur,  hi  in  manum  mihi  venerupt: 
^  Fricke^  Berickt  Uber  seme  Rem  nach  Holland  1826. 

Frickey  zweiter  Berickt  uber  die  Epidemie  in  Groningen  1827. 
'  Ludwig  Hermann^  fiber  die   Wechseljieber  in  Algier.     Frankfurt  a.  M.  1836. 

A.  Haspel^  maladiets  de  TAlg^ie  163^.  51. 
Ik  F,  C.  Maill^tf  recherches  sup  fievre^  interm.  du  Nord  de  I'Afrique  1835. 
:  Bob.  Jackaony  Fieber  m  Jamaica  1796. 
|.  J^hn  BimteTf  Truppenkrankheit  in  Jamaica  1792. 
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W.  Arnold^  a  pract.  treat,  on  the  Bilious  Remittent  Fever.     London  1840. 

John  Clark,  Beohachtungen  iiber  die  Krankheiten  in  den  heissen  Gegenden.  London  1791. 
Comparatis  iis,  quae  de  febribus  scripta  sunt  in  regione  aequinoctiali  grassatig, 
cum  iis,  quae  de  nostris  febribus  intermittentibus  relata  sunt,  si  exploravimus  ea,  (pae 
inde  sequuntur,  maxima  videbitur  harum  febrium  signorum  inter  se  similitude.  Neqse 
eniia  solum  conditiones  soli  ceteraque  momenta  aetiologica  inter  se  simillima  sunt,— 
nam  loci  palustres  et  aestates  usitatis  calidiores,  praecedentibus  inundationibus  ad  utrun 
febrium  genus  producendum  pluriini  valent  —  sed  etiam  in  universo  signorum  appa- 
rentium  ordine  mirum  quae  sit  aequabilitas.  Quamquam  hepar  illis  febribus  in  regione 
aequinoctiali  inaxime  affici  vulgo  putatur,  dum  apud  nos  membra  respirabilia  febri 
affecta  magis  inveniuntur :  hoc  tamen  discrimen  inter  illas  febres  et  has ,  quae  mar- 
chiam  infestant,  earumque  epidemias  vehemensissimas  fere  nullum  est.  Nam  naturs 
biliosa  febris  in  marchia  grassantis  quum  in  universum  animad vertitur ,  turn  mi^ 
etiam  iu  epidemiis  vehementissimis  praevalet.  Quamvis  hepatitis  acuta,  hepatisque 
abscessus  in  hoc  genere  febriculoso  non  observati  sunt,  continuus  tamen  in  regione 
hypogastrica  dextra  color,  icterus  non  rarus,  tumor  hepatis,  qui  observabatur  saepe 
post  morbum  sequens,  sicut  aliae  circulationis  hepaticae  turbae  manifestissime  osten- 
dunt,  hepar  quoque  hoc  genere  febriculoso  vehementer  affici.  Alteram  etiam  similitu- 
dinem  quandam  cum  illis  febribus  in  regione  aequinoctiali  febris,  quae  marchiam 
incadit,  communem  habet.  Nam  ratio,  qua  magnae  epidemiae  terram  invadunt,  tam 
diversa  atque  varia  esse  solet,  ut  anno  1826  multi  auctores^  inter  quos  Friedliebius 
Husumensis,  Dohrnius  Heidensis,  judicio  vacillaverint,  essetne  febris,  an  typhus,  an 
alius  morbus  adhuc  qui  nondum  adfuerit,  an  potius  genus  morbosum  utroque  illorum 
mixtum.  At  virorum  doctorum  Louis,  Hiibbe,  Reye  de  epidemia  aestiva  anni  1826 
haec  est  sententia  callida:  febrin  Marchiam  invadentem,  si  nomine  comprehendi  debet 
genus  perhibenti,  nee  esse  febrin  biliosam,  nee  febrin  mucosam,  nee  typhum,  quum 
morbi  indicia,  quae  his  nominibus  amplecti  soleamus,  apud  omnes  aegros  in  univer- 
sum nequaquam  apparuerint,  sed  a  singuli  cujusque  aegroti  natura  et  vi  magis  pepen- 
derint,  quam  in  ipso  morbo  posita  visa  sint. 

lidem  viri,  quum  epidemiam  in  Germania  septentrionali  grassatam  comparare 
conati  sint  cum  ilia  in  HoUandia  grassata,  probatum  instituerunt,  utramqu%  uno  genere 
comprehendi,  temperatam  quidem  singulam  e$se  effectibus  endemicis,  omnemque  epi- 
demiam momentis  epidemicis  auctam  atque  graviorem  factam,  ut  verbo  dicatur,  inte^ 
mittentem. 

Generis  febriculosi  Marchiae,  qaod  dicitur^  aetiologia  et  genesis. 

Probatum  est,  morbum  singulis  casibus  sparsisque  numquam  apparere,  quocom 
omnes,  quos  ipse  adii,  medici  convenerunt.  Quaerenti  mihi  medicus  in  Eiderstadia 
celeberrimus :  pro  certo  habeo  —  inquit  —  si  hodie  primus  morbi  casus  mihi  curandul 


Digitized  by 


Google 


18 

erit,  curandi  copiam  proximis  diebus  post  utraque  manu  me  occupatissimum  habi- 
turam  esse.  Morbus  vehementer  ingruere  vulgo  coepit  epidemicus  annis  1614,  1640, 
1699,  1734,  1791,  inque  primis  an.  1826 ;  evenit  mitior  ceteris  annis,  quum  vel  mul- 
toroin  annorum  intervallis  Marchiam  omnino  non  infestaverit ;  sic  nunc  deest  Eider- 
gtadiae  morbus  inde  ab  anno  1847.  Ex  eo  intelligas,  quanta  vi  morbus  provehat, 
quod  Friedlieb  physieus  anni  1826  mense  Augusta  nullam  in  Eiderstadia  domum  fere 
fmsse  dixit,  quin  homines  febri  affectos  in  se  haberet,  immo  domum  felicem  praedi* 
can  debuisse  earn,  qui  vel  unum  haberet  hominem  febri  liberum.  Hominum  5367. 
Ritzebtitteliam  praefecturam  habitantium  anni  1826  aestate  autumnoque  febri  af&cie- 
baotur  tribus  millibus  ducentis  triginta  sex  non  pauciores. 

Causas  explorare,  ex  quibus  epidemiae  omnis  impetus  semper  pependerit,  im- 
primis certe  judicare,  quatenus  terrarum  conditiones  ad  epidemiam  pertineant,  per- 
difficile  est.  Si  alteram  in  partem  negare  nequimus,  solum  Marcbiae  lutosum  ad 
proferendam  febrem  multum  conferre,  quum  regionibus  mari  quidem  adjectis,  sed 
editioribus,  morbus  numquam  appareat,  in  alteram  partem  in  hoc  posita  omnis  causa 
esse  non  potest,  quoniam  complurium  annorum  intervallis  genus  illud  febriculosum 
abiuisse  videmus. 

Causas  quum  investigarim,  quae  essent  ex  quibus  maxime  febris  penderet^ 
qoamvis  dubium  illud  miasma,  quod  dicitur,  invitus  in  memoriam  redegerim,  non 
potai  tamen,  quin  in  hoc  omnem  causam  posuerim.  Etsi  enim  de  miasmate  sententias 
illas  tamquam  pueriles,  quarum  auctores  ante  hos  triginta  annos  vixerunt,  Friedlieb 
aliique  medici  aequales,  non  sine  risu  nos  despicere  solemus :  despiciendo  tamen  nulla 
explicandi  ratio  alia  oblata  est,  quare  quum  miasma,  idque  palustre  vel  lutosum,  hoc 
loco  sine  ulla  dubitatione  instituam  morbi  causam,  id  intelligo  tale,  a  quali  proximus 
pendeat  morbus,  —  verbum  tantum  pro  re,  quae  accuratius  definiri  nequit.  Itaque 
quum  causas  afferam,  quae  miasma  producere  possunt,  eas  simul  intelligo  epidemiam 
quoque  producentes. 

Harum  causarum  genus,  quod  dicitur  praedisponentium  a  genere,  occasione 
certisque  conditionibus  ad  epidemiam  invitandam  allato  distingui  potest.  Illud  genus 
causarum  praedisponentium,  vel  ut  verbo  utar  graeco,  endemiarum,  intelligo  ex  terrae 
Bitu  et  soli  conditione,  sicut  ex  habitantium  moribus  oriri.  De  quo  breviter  aflferam 
baec: 

A.     De  causis  praedisponentibus. 

Accurata  locorum  in  Marchia  sitorum  descriptio  non  pertinet  ad  rem,  hoc 
tamen  huic  loco  apte  inserendum  videtur. 

Post  ingentem  eruptionem,  qua  ex  interioribus  terrae  continentis  partibus  in 
mare  aquae  ante  haec  millia  annorum  prorupisse  putantur,  quum  ad  finem  haec  ter- 
rarum turba  venisset,  naturali  factum  est  necessitate,  instante  iterum  tranquillitate,  ut 
partes  non    solum   ex  terra  continenti  orae  patriae  nostrae,    in,  occidentem  vergentis. 
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abfuptae,  sed  etiam  flominibus  secnm  ductae  iterum  quiegcerent  In  his  projpKei 
pondua  eaxa  partim  ad  iqaria^  partim  ad  flummum  fundum  jmmum  abacesaeruut. 
QQibus  tardius  aabulo  resedena,  fluctibus  marinb  ad  ripar,  integras  relictas^  depoiut)i«, 
fondum  formavit  inaFchiae.  Terrae  partes  aabtilicMrea  et  leviorefi^  argilla,  latam,  c^ 
partes  non  paucae,  sicut  eae  etiam  partes,  quae  aqua  poterant  solvi,  priusquam  rea^ 
derunt,  diu  mevebantur,  neque,  nisi  rerum  ordme  priua  restitntcx  maris  quotidiaso 
accessu  et  recessu  ab  aequis  poterant  secerni.  Nee  aliud  contigit  partibus  vegetsbiUbuii 
aquae  propter  levitatem  innatantibus.  Quae  simul  cum  partibua  terrosia  a  fluctihufl 
in  sinus  dejectae,  et  terrae  continenti  et  fluminibus  alte  injectos,  aeatu  maris  dem< 
scente  magnis  molibus  cum  terra  mixtis,  relictae  sunt,  unde  terra  orta  est  nosbo 
sermone,  quae  dicitur  ^yMoorgruriiL'*^  Super  bas  straturas  ex  portibus  terrosis  et  vege- 
tabilibus  constantes,  ftuctuum  processu  innumerabilium  et  crescentium  et  decrescentium 
nova  purae  terrae  stratnra  assedit  Et  baec  ipsa  Marchiae  oorigo  est,  cujos  inter  io^ 
feriopem  straturam  suboiosam  et  superiorem  lutoaam  suppoaitum  est  ipsum  solum, 
quod  dicitur  „ilfoor." 

Marchia  post  illud  tempus  eodem  modo  orta  est,  quo  oritur  etiam  nunc,  quod 
ex  terrae  continentis  partibus  interioribus  in  mare  continue  a  flurainibua  ductae  eub- 
tiles  argillae,  soli,  sabulonis,  caleis  partes,  ad  terram  vel  super  terram,  adliucjam 
constantem,  stemebantur.  Terra,  super  quam  marcbia  nostro  tempore  prostcmitair^ 
verbo  dicitur  vernaculo  „IFattZa»d,"  aggeribus  nondum  circumclusa,  man  adsita,  cujoa 
aestu  quotidiano  inundatur.  Cui  terrae  solum  etiam  suppoaitum  est,  quod  dicitox 
j^Moor^^  ita,  ut  locis  quibusdam,  qui  donee  aestus  crescit,  inundati  sunt,  decrescente 
aestu,  turfa,  quae  dicitur,  fodi  possit. 

Marchiae  nostro  tempore  formatae  ab  ilia  distinguendae  aggeribua  multo  tem- 
pore ante  circulosa,  nomen  datum  est  vernaculum  ^^Seemarsch.'^  Omne  tamen  discrimen, 
ut  ex  lis  apparet,  quae  supra  dixi,  positum  est  in  eo,  quod  inde  a  locoram  finibtifl 
editiorum,  qui  ^fieest^^  nominantur,  usque  ad  mare  stratura  lutosa  crassitudine  scnsi© 
augeatur,  quo  modo  fdy  ut  prope  a  finibus  illis  paucas  jam  pedes  sub  summa  terra 
solum  inveniatur  illud,  quod  nostro  dicitur  sermone  „M)or&orf«n,"  quum  ad  oiw 
marinam  straturae  reperiantur  16  vel  20  pedes  crassae.  Itaque  manifestum  est,  ib 
omni  ducatuura  nostrorum  marchia  tres  esse  straturas  crassitudine  sola  inter  se  cFi- 
versaa.  Deinde  apparet  ex  iis,  quae  supra  de  marchiae  origine  exposui,  mirum  non 
esse  posse,  si  locia  quibusdam  majoribua  vel  minoribus  unam  e  tribus  atraturis,  quas 
dixi,  aberit;  —  abesae  enim  non  raro  videtur  stratura  ilia,  quae  vernaculo  dicitur 
jyMoorschicht^^ 

Praemissa  descriptione ,  brevi  ilia  de  terrae  nataira  et  situ,  mirum  non  vide- 
bitur,  febris  genus,  illi  palustri  simile  quoddam,  ex  marchia  originem  duxisse.  Qoi^ 
€nim?  reperire  in  marchia  solemus  sub  slsratura  lutosa,  suhhito,  argilla,  marga,  aolom 
quoddam  uliginosum  vel  palustre^     Unde  insignia  vegetabilium  copia  ad  puteacenduift 
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aptonmi.  Dum  stratoris  latosis,  crassitudine  divereis^  magnae  sti^aturae  palustres 
passim  substratae  sunt,  solum  et  supra  has  et  supter  omnino  ita  e^t  constitutum,  ut 
aquas  stagnatas  facile  in  se  iuclusas  teneat.  Ex  straturis  palustribus  et  ex  aqua  iu" 
signis  vegetabilium  putriscentium  copia  oriatur  necesse  est.  Inde  proficiscenti  respi- 
rationi  evadendi  occasio  affertur  partim  stagnis  quibusdam;  in  locis  praesertim  demis* 
jSoribus  non  ram^  quorum  nomina  illic  habitantes  sua  perhibent  lingua  „Wehlen^ 
Tiefen,  Spatingerij^^  partim  fossis  per  omnem  marchiam  frequentissimis.  Ne  praeter- 
mittam,  quod  ad  similitudincm  locorum  palustrium  timuendorum  in  terra  ^  gramin^ 
vacua,  sicut  in  itineribus  hiatus  quosdam  altos  et  latos  saepe  vides,  solid  ardore 
factos,  ex  quibus  respiratio  maligna  facile  potest  exire. 

Memorandum  hoc  loco  etiam  est,  quam  sint  hominum  domicilia  in  Eiderstadiu 
locis  omni  ratione  incommodissimis  plerumque  condita.  Quamquam  solum  maxime 
)est  humidum,  fundamentum  habitationibus  substruitur  minimum,  domus  pleraeque 
npam  habent  tabulationem  itaque  conclavia,  quae  piano  pede  sunt,  quam  maxime 
humida,  post  ut  ineptiis  quasi  cumulus  aflferatur,  afbores  circa  domum  plantantur 
tiltimam  soli  hnmorum  exurendi  occasionem  auferentes. 

Notum  essjB  aestimo,  quam  bibendam  ex  aqua  in  fossis  stagnata  hauriri,  quam 
percolando  non  purgari  constat.  Aliud  etiara,  quod  observatum  est,  ad  rem  pertinet. 
Ebriositas  quaedam  et  voracitas,  ex  rerum  familiarium  copia  quadam  et  ubertate  ali- 
tac  dominantur,  et  eo  sunt  perniciosiores,  quo  minus  earum  patientes  sunt,  ne  dicam 
homines  ipsam  Marchiam  habitantes,  alii  tamen  non  pauci,  qui  messium  tempore  e 
locis,  qui  y,Geest^^  dicuntur,  in  marchiam  migrant ;  immo  omnibus  eo  ipso  pemiciosis- 
siina  sunt  vitia,  quod  messium  mensibus  calidissimis  maxima  libidine  evagentur.  Jam 
circumspiciendum  etiam  est  singulare  aliquid,  quod  maxime  in  Eiderstadia  obtinet. 
In  usu  enim  est  laborum  per  diei  spatia  distributio  parum  salubra.  Ut  operarii  quam 
maxiraae  utilitati  sint,  horolbgia  ita  ordinatur,  ut  false  tempus  binis  circiter  horis 
serius  indicet,  quam  vero  est,  quo  fit,  ut  illi  aestatis  noctibus  frigidis  nimis  mane, 
exempli  causa,  quum  hora  post  mediam  noctem  quarta  deberent,  hora  jam  altera 
laborem  adeant,  quum  hora  duodecima  deberent,  hora  jam  decima  coenent  itaque 
dies  tempore  calidissimo  inde  ab  hora  duodecima  usque  ad  alteram  post  meridiem 
horam  laborent. 

AflFerre  omnes  causas  tam  in  terrae  conditionibus  quam  in  populi  moribus  et 
consuetudine  positas,  longe  erat.  A  quo  desistens  a  causis  praedisponentibus  jam  ad 
sirigularum  epidemiarum  causas  occasione  certisque  eventibus  allatas  exponendas  me 
converto. 

J5.     De  causis  occasione  allaiis. 

Causas  occasione  allatas  post  id,  quod  supra  dixi,  intelligo  oriundis  singulis 
|€pi(lemiis,   quae   sunt  rerum   conditiones  dcttae,  asisam   afferre,     Quam  ad  rem  quae 
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pertinent  duo  observanda  esse  et  omnes  de  hac  re  auctores  profitentur,  et 
quisque  peritissimus  affirmat,  duo  momenta  y  quae  marchiae  maximae  esse  ; 
vox  etiam  populi  est.  In  alteram  partem  sunt  aqua  inundationes  marina  pra< 
sive  autumno  sive  vere,  maxime  ei  delapsus^  quo  opus  est,  non  habent, 
effusa  stagnet.  Sunt  tamen  etiam  aquae  dulces  post  imbres  et  nives  cont 
magnos  coeuntes,  quae  praecedente  sive  autumno  sive  vere  a  coelo  delapi 
In  quo  id,  quod  aquarum  derivandarum  ratio  annis  postremis  tam  exculta  in 
liorem  conditionem  instituta  est,  praeterea,  quod  aetates  eorundem  annoru 
erant  frigidiores,  maximi  ad  amovendas  epidemias  febrieulosas  annis  recentissi 
moment].  Inundatio  sola  tamen  ad  producendam  epidemiam  non  sufficit,  q 
potius  febri  oriundae  tempestas  vehementer  humida  obstet,  nee  post  maxim 
dationes  secutas  esse  epidemias  saepe  videmus.  Accedat  igitur  necesse  esi 
quoddam  momentum  alteram  y  quod  est  temperatura  vehementer  aucta  atque 
Itaque  undique  probatum  est  atque  certissimum,  aestatibus  solis  calidis  invas 
demias,  easque  perniciosissimas  ingruere,  si  forte  post  autumnum  sive  ver  n 
undatione  abundans,  aestas  sequitur  ealidissima.  Probari  deinde  potest,  prii 
semper  febris  casus  in  regionibus  apparere,  quae  erant  inundatae.  Epidei 
1826  vel  pessime  auditur,  ubi  post  inundationem  an.  1825  universe  e£Pusai 
secuta  est  ealidissima.  Afferre  possem  plura  etiam  testimonia.  Quidnam  sit, 
haec  caloris  vis  pestifera  praecedentibus  inundationibus  posita  sit,  id  ipsum  u 
ostendere,  difficile  est,  nee  equidera  plura  afferre  audeo,  sed  singula  tantu 
magis  indicantia ,  quam  illustrantia.  Naturale  fit,  ut  vitia  hominum  incolei 
superiore  dicta,  voracitas  ilia  mosque  nirais  mane  lecto  surgendi,  regnante  a 
reddant  pemiciosiora.  Accedit,  ut  aqua,  vegetabilibus  completa,  majore  calor( 
ita  putescat,  ut  saepe  aquam  bibendam  aestatis  tempore  invenierim  colore  h 
non  raro  male  redolentem  ipsamque  foetidam,  infusoriis  plenissimam.  Deinde 
tam,  potiones  etiam  alias  ab  operariis  in  agrura  secum  portatas  celerius  atqu< 
corrumpi  acidasque  fieri,  inter  quas  cerevisiam. 

Afferenti  mihi  haec  omnia  momenta  ad  epidemiam  producendam  valej 
maria  tamen  causa  in  alia  re  posita  esse,  a  calore  etiam  probata,  videtur.  Q 
inter  omnes  illos,  qui  in  marchia  nati  sunt,  non  vidit,  vaporum  straturas  hui 
binos  vel  tres  pedes  altas,  super  summam  terram  stratas  easque  vesperibus 
multos  pedes  altas,  albidas,  ut,  qui  permeat,  non  solum  pedibus,  sed  toto  coi 
uvidus.  Vapores  plerumque  foetidissirae  redolent,  quorum  in  partibus  arte 
disquirendis  hoc  loco  ne  nimis  mores,  hoc  solum  contendo,  praeter  partes 
palustri  vulgo  insitas,  nullas  inesse  ei  proprias  et  singulares.  Itaque  quamvis 
hujus  miasmatis  naturam  et  indolem  a  me  non  esse  exploratam,  vim  tai 
damnosam  ex  eo  intelligere  velim,  quod  et  domus  habitatienesque  et  vias  via 
vapore    illo    humido    tamquam    velatos    esse    vidi.     Quanam  vero  ratione  ca 
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vaporum  multitudinem  nimiam  super  terram  coUigere  possit,   ne  id  ipsum  explicen 
facile  quisque  mihi  condonabit 

Nomina  manifesto  indicant,  quae  populus  sua  lingua  febri  tribuit  y,Kehrenseuchi 
Stoppeljieher j^  in  frugibus  ab  agris  amovendis  aliquid  inesse  vulgo  putari,  quod  epi 
demiae  faveat.  Quodnon  sine  uUo  jure  putari  ex  eo  apparet,  quod  frugum  meten 
darnm  tempore  epidemiae  origo  esse  solet.  Quod  ipse  mihi  explicare  velim  hoc  modo 
Dam  enim  pascua  solis  radiis  faciliorem  in  se  aditum  permittunt  itaque  cohibetur 
quominus  humores  majores  accumulenter ,  agri  frumentarii  solis  radiis  in  inferiorei 
partes  introitum  prohibent  Simulatque  frumentum  metitur,  et  copiosiores  sunt  hu 
mores  solis  calore  vaporantes  et  vapores  hominum  valetudini  eo  perniciosiores ,  que 
diutius  humores  in  locis  suis  constiterunt.  Itaque  epidemia  plerumque  optima  mes 
siam  mensa  Augusta  ingruit. 

Epicrisis, 

Post  ea,  quae  supra  instituimus,  si  febrem  marchiae,  quae  dicitur,  certo  cuidan: 
morborum  systemati  inserere  conabor,  id  mihi  tum  bene  successurnm  esse  censeo,  & 
et  omnem  ejus  processum  —  eventum  intelligo  in  intermittenti  —  ut  rationem  actio 
logicam  semper  bene  respexero.  Quam  quidem  rationem  aetiologicam  morbi  intelligc 
originem,  ex  locorum  certis  conditionibus  ad  malariam  producendam  idoneis.  Quat 
conditiones  marchiae  non  deesse  in  superiore  satis  me  probasse  puto. 

Definiendo  me  liberatum  quemque  habiturum  esse  existimo,  qui  sint  morbi 
quibus  in  universum  hodie  nomen  tribuatur  vernaculum  y^Infectionskrankheiten?^^  deind( 
quae  sit  inter  hos  malaria?  Nemo  contendet,  febrin  marchiam  invadentem  non  ess( 
morbum  miasmaticum,  qui  dicitur,  sed  contagiosum;  —  quoad  tandem  discrimen,  quoc 
sit  inter  morbus  miasmaticos  et  contagiosos  omnino  certum  institui  vere  potest.  Mor 
bum  enim  ab  uno  ad  alteram  transferri,  materiamque  contagiosam  certam  quandan 
in  homine,  qui  aliunde  ea  afficiatur,  crescere,  in  genere  febriculoso,  de  quo  sermc 
eat,  eadem  ratione  monstrari  nequit,  qua  in  typho  et  cholera. 

Conabor  febrem  marchiae,  quae  dicitur,  inter  morbos,  qui  vernaculo  Infections 
krankheiten ,  eam  malariae  speciem  instituere ,  cui  tempore  recentiore  nomen  febriun 
malariarum  remittentiurn  aut  contmuarum  viri  docti  apponere  coeperunt. 

Morbum  malarium  illam  febrem  habeo,  primum,  quod  originem  suam  ducit  ej 
eodem  causarum  genere  singularium,  non  contagiosarum ,  sed  miasmaticarum ,  ex  qu( 
febris  intermittens  proficiscitur ,  deinde  quod  cum  hac  illi  singularia  quaedara  in  tur 
I  bationum  ratione  aequa  sunt,  quatenus  haec  disquisitione  anatomico-physiologica  adhu^ 
I  explorata  sunt,  praecipue  denique  quod  inter  utramque  insignis  indiciorum  similitude 
!  est  et  utrique  inest  ad  paroxismos  febriculosos  inclinatio,  qui  ordine  quas  rhythmici 
i  procedunt.  Quod  quidem  incipiente  febri  ilia  manifestum  non  exstat,  sed  indicatu; 
[  tantum,  procedente  autem  ilia  certius  apparet  et  verum  signum  est. 
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Iterum  febris  ilia  cunj  ceteris  malariis  hoc  etiain  convenit,  quod  incertuaii 
videtur,  ubi-sedem  habeat  et  quod  sedem  habet  diversam.     Pertinet  quidem  im] 
ad  hepar,   ad  lien   et  ad  tractum  intestinalem,     Probare  nequeo,    cum  magna 
certitudinis    specie   suspicor,   in    hac   etiam   febre  corpuscula  sanguinis  alba  rob 
impedio   augeri   nee   in   gravioribus  febris  statibus  inveniatur.     Itaque  si  in  iis, 
sequuntur,  febrem  illam  morbum  dicam  malarium,  amplius  demonstrare  operam 
fthre  esse  illam  intsrmittentem  complicaiiorem^  ipsis  complicdtionibus  quae  difficile 
scaiur, 

Reliquum  est  explicate,  quid  inter  febrem  illam  et  typhum  intersit,  res  qui< 
nullo  modo  difficilis.  Eo  praetermisso ,  quod  ad  oram  patriae  nostrae  occidei 
spectantis,  imprimis  in  marchia,  typhus  morbus  videtur  rarus,  ingruendi  ratione 
mam  habet  altera  cum  altero  similitudinem.  Quis  de  typho  cogitabit,  praesertim 
typho  ileoso,  si  omnes  in  marchia  medicos  audierit  inter  se  convenientes,  ne  uni 
quidem  febri  ilia  aegrotum  sibi  mori.  Quod  si  aflferimus,  nunc  omittamus  licet  rat^ 
nem  supra  redditam,  quot  fuerint  mortui  in  magnis  epidemiis,  exempli  gratia  aiuM 
1826.  Sed  ipsum  illud,  quod  e  medicorum  omnium  de  febre  audivimus,  tale 
quale  e  levissimis  quidem  epidemiis  typhosis  possumus  tribuere.  De  typho  autd 
exanthematico  idcirco  cogitari  non  potest,  quod  ipsum  exanthema,  in  quo  positum 
magnum  discrimen,  febri  illi  omnino  abest. 

Ut  amplius  exponam,  quid  inter  utrumque  morbum  intersit,  hoc  etiam  affeiw 
Typhum  interdum  genere  febriculoso  intermittenti  institui  id  non  nescio  quidei 
nescio  tamen  typhum  procedentem  denique  in  febrem  intermittentem  plane  mutatoi( 
exire  posse,  quod  quidem  in  febriae  Marchiae  semper  ordine  fit.  Deinde  si  negaf 
nequit,  quod  observatum  est,  intermittentem,  febrem  marchiae,  typhum  simul  eod< 
tempore  invasisse,  ex  hoc  tamen  typhum  et  febrem  illam  unum  eundemque  esse  mol 
bum  coUigi  nullo  modo  potest.  Sin  autem  veteres  nonnuUi  medici  febrem  illam 
typhum  transiisse  dicunt,  morbum  aut  typhum  a  prima  origine,  aut  genus  fdbii 
Marchiae  complicatum  fuisse  contendo,  cum  typho  nulla  ratione  conjuDCtuo 
sed  statum  quendam  typhoidem,  qui  dicitur,  cui  tamen  indicia 'plane  abessent,  quibi 
typhus  constitueretur.  Sed  hoc  vel  posito  et^oncesso,  fieri  posse,  ut  cum  typhfl 
febris  ilia  complicetur  aut  in  typhum  exeat,  tantum  abest,  ut  hoc  ipso  utrumqui 
morbum  unum  eundemqne  esse  probetur,  ut  id  solum  effici  sentiam,  bines  morbo^ 
qui  sub  nomine  vernaculo  yyln/ectionskrankheiten^^  recentiore  aetate  viri  docti  uirti 
attribuant  ordini,  eodem  tempore  invadere  et  unum  eundemque  hominem  infestai* 
posse.  — 

Quare  si  genus  febriculosum,    de  quo  sermo  est,    a  typho  oijiiaiino  distingueae 
dum  esjse  post  id,  quod  supra  exposui,  existimo,   magis  etiam,    quam  Griesinger  f< 
in  libro  suo  de   morbis,    qui  nomine   comprehenduntur  jy  Infectionskrajniheiteriy^ 
intermittenti  conjungere  id  velim.     Nam  animo  informare  vix  possuin,  quomodo  w^ 
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tril>u8  ciroiter  hebdomadibus  constitutu^ ,  febris  qua^dam  gastrica  biliosa  habeiii 
post  autem,  illo  tempore  praeterito,  natura  intermittentis  ejus  appareat,  maxima 
morbug;  quod  equidem  seotio,  a  prima  origine  intermittentis  formam  et  qu&§& 
m  in  8€  habeat.  Adeo  quidem  concede  Griesingero^  viro  magnae  auctoritatis,  «t 
kcturam  tantum  proponam,  quum  quaeram,  possitue  forma  intermittentis  obscura 
am  atque  obtecta  diligentiore  inquisitione  investigari  etiam  quum  stadium  illud 
lit  acutum  et  gastroentericum ,  quod  in  superiore  appellavi  reraittens?  possitne 
Irte  ilia  inveniri  in  acerbationibus  febriculosis  certis  diei  temporibus  insistentibus?  — 
ptelligere  non  possum,  quod  Piorryus  dixit,  intermittentem  propterea  in  remittentem 
Ique  continuam  converti,  quia  gravioris  cujusflam  intermittentis  paroxysmi  vehementer 
porogati  inter  se  confundantur,  et  paroxysmorum  subintrantium  aut  sempjr  antepo- 
Intium  ordo  quasi  vinculo  conjunctus  remissionibus  vix  interrumpatur;  —  intelligere 
^B  possum,  hoc  certis  temporibus,  casibus  inumerabilibus  simul  apparentibus,  iterum 
saepius  eventurum  esse,  quod  tamen  iisdem  locis  per  magnum  saepe  annorum  in- 
jrvallum  ne  semel  quidem  observatur.  —  Itaque  rem  ita  mihi  informavi,  ut  censeam, 
R  causam,  ex  qua  malaria  oriatur,  si  certa  quaedam,  sive  locorum  sive  tempestatis 
^ditione  sive  alia  quadam  re,  adhuc  ignota,  occasio  oblata  fuerit,  praeter  febrem 
tennittentem  ad  producendum  alium  etiam  morbum  valere,  in  hoc  casu  ad  efficien- 
im  gastroenteritidem,  qua  ratione  fieri  possit,  ut  ex  ea  causa  cum  intermittenti  simiil 
|[>ficiscatur  gastroenteritis.  Aut  res  ita  se  habet,  ut  iis  temporibus,  quibus  malariae 
^a  sola  dominetur,  intermittens  tantum  exoriatur,  quum  alia  sit  causa  ad  p'rodu- 
idam  gastroenteritidem  necessaria,  quae  adhuc  ignoretur.  In  utroque  casu  gastroen- 
is  febris  complicatio  quaedam  esset,  febris  autem  marchiae,  quae  dicitur,  inter- 
ns quaedam  cum  gastroenteritide  complicata.  In  qua  sententia  eo  potius  perseverare 
quo  magis  videmus  intermittentes  ceteris  quoque  terris,  dum  procedunt,  cum 
here  gastrico  ratione  diversa  complicatas  esse.  Itaque  ad  conclusioeem  pervenio, 
kem  in  Marchia  grassatam  inihil  aliud  esse  nisi  intermittentem  vulgarem,  eamque 
to  magno  morbi  gastrici  aut  biliosi  gradu  conjunctam.  Jam  quid  dicamus,  si  Han- 
Ims,  medicus  Tonningensis  anno  scruMJt  1735  :  „morbus  Eiderostadenses  corripiens, 
i  aliquis  morbus  ex  genere  morborH^  intermittentium ,  qui  ex  causa  oritur  poly- 
^lica?"  Recte  iUum  dixisse  puto  et  rectius  etiam  dixisset,  si  verbis  usus  esset  his: 
t  causa  gastroenteritica,  saepe  cum  afifectione  hepatis,  imprimis  polycholia  compli- 
t  et  iis  obtecta." 

Jam  vero  ca  modestia,  qua  medidicum  profiteri  decet  juniorem  atque  munus 
^licum  primum  adeuntem,  eum  morbum  habendum  esse  censeo  febrem,  quam  trac- 
Bo  mihi  proposui,  cui  quum  plerumque  stadium  prodromorum  absit,  stadium  ga- 
lenteritidis  acutae,  per  tres  hebdomades  manentis,  naturam  exhibeat  febris  remit- 
^s,  ex  qua  febris  intennittens  excolatur  manifesta  et  diversis  formis  certo  apparens. 
gastroenteritidis  loco  alii  morbi  primum  observantur,   tum  certe  febris  adest  inter 
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mittens  compliata^  talis  quidem,  quae  febri  Marchiae  similliraa-est.  Attamen  ut 
definitionem  de  hac  ipsa  febri  institutam  tuear  neque  perturbationem  in  his  rebus 
ingentem  augeam,  febrem  marchiae  turn  loco  invasisse  m^xirae  affirmo,  si  gastroen- 
teritis acuta  febrem  certe  explicatam  antecesserit.  Nimirum  signa  gastrica  aliaqiie  in 
hoc  primo  stadio  simul  apparare  possunt,  quod  si  fit,  eo  numquam  cohiberi  nee  pos- 
sumus  nee  debemus,   quominus  febrem  etiam  illam,  de  qua  dicimus,   adesse  putemus. 


THESES. 


1)  In  pneumonia  hypostatica  situs  variatio  est  optimum  remedium. 

2)  Resectio  articulationis  genu  omnino  non  ^^jicienda. 

3)  Medicus  plus  noxiis  removendis,  quam  remediis  adhibendis,  prodest. 
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INTBODXJCnON 

In  this  study  of  the  influence  of  temperature  on  the  sporogenous 
cycle  of  Plasmodium  vivax  in  Anopheles  quadrim^aculatus,  the 
following  subjects  are  considered:  (1)  The  temperature  range  in 
which  the  sporogenous  cycle  is  completed,  (2)  the  length  of  time 
necessary  for  the  completion  of  the  sporogenous  cycle  within  the 
temperature  range  compatible  with  the  exogenous  development  of 
the  plasmodimn,  and  (3)  the  effects  of  unfavorable  temperatures 
at  three  periods  of  the  exogenous  cycle. 

Although  some  of  these  subjects  have  been  investigated  in  part 
by  Grassi  (1),  Jancs6  (2),  King  (3),  Mitzmain  (4),  Roubaud  (5), 
Wenyon  (6),  and  others,  opportunity  for  more  extended  studies 
has  been  afforded  by  the  use  of  malaria  therapy  in  paresis. 

MATERIAL 

Insectary-reared  A.  quadrim^icUlatus  obtained  from  self- 
perpetuating  colonies,  established  in  an  air-conditioned  room, 
were  employed  as  the  test  mosquitoes.  The  Plasmodium  utilized 
was  the  "McCoy"  strain  of  P.  vivax,  which  was  isolated  in  Florida 
in  1931  and  propagated  by  alternate  transfer  from  mosquito  to 
man  for  over  4  years  without  recourse  to  blood  inoculation. 

For  the  temperatures  used  in  these  experiments  the  following 
equipment  was  employed :  (1)  Two  large  incubator  rooms  kept  at 
ST.S^'C.  and  28''C.  constant  temperature.  (2)  A  small  electric 
incubator  adjusted  to  temperatures  of  26,  30  and  32^C.  (3) 
The  air-conditioned  insectary  kept  at  22^C.,  later  changed  to 
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24°C.  (4)  A  Frigidaire  regulated  by  thermostatic  contnd  fc 
temperatures  of  15  to  17°C.  and  below.  These  incubators  varie 
within  1°C.  above  or  below  the  set  temperature  when  recorded  o 
maximum  and  minimum  thermometers.  Thermographic  record 
showed  that  these  variations  from  the  set  temperature  were  ( 
too  short  duration  to  be  recorded  by  the  thermograph. 
,  .  .  .J 

TECHNIQUE 

Control  and  experimental  lots  of  anophelines  were  fed  simu 
taneously  upon  paretics  undergoing  malaria  therapy  who  ei 
hibited  garaetocytes  of  P.  vivax  in  their  peripheral  blood.  E] 
flagellation  was  always  demonstrated  before  anophelines  wei 
appUed.  The  mosquitoes  were  transported  from  the  hospit] 
where  they  had  fed  on  patients  to  the  laboratory,  where  tha 
which  had  taken  a  blood  meal  were  separated  from  those  whic 
had  not  fed.  The  unfed  mosquitoes  were  discarded.  The  tin 
elapsing  between  the  end  of  feeding  and  the  placing  of  the  ma 
quitoes  in  the  incubators  was  1  to  1}  hours.  During  this  perio 
the  mosquitoes  were  kept  at  approximately  28*^0.,  a  temperatui 
favorable  for  the  development  of  the  Plasmodium. 

Infected  mosquitoes  were  dissected  at  various  stages  of  tl 
development  of  the  exogenous  cycle,  and  the  salivary  glands  as 
stomachs  were  examined.  The  stomachs  were  stained  wit 
brilUant  cresyl  blue  and  the  oocysts  were  measured  and  counted. 

RBBULTS 

The  development  of  P.  vivax  in  A.  guadrimacuUUiis  when  incubaU 
ai  constant  temperature  throughout  the  exogenous 
cycle  of  the  pUxemodium 

Insectary-reared  A.  quadrimaculatus  infected  from  gametocy 
carriers  of  P.  vivax  were  incubated  at  constant  temperatur 
ranging  from  1  to  7°C.  to  37.5''C.  Table  1  shows  that  tl 
complete  development  of  P.  vivax  occiured  only  at  temperature 
between  15  to  17°C.  and  SO^'C. 

When  anopheUnes  which  had  taken  an  infecting  meal  we: 
incubated  at  a  constant  temperature  of  37.5**C.  no  oocysts  we 
ever  observed. 


Digitized  by 


Google 


TEMPSRATURE  AND  Pl4ABIfODIXTM  VIVAX 


705 


At  a  constant  temperature  of  32^C.  no  gland  infection  took 
place  although,  as  judged  by  their  size  and  morphology,  the 
oocysts  had  develop^  to  maturity  on  the  eighth  day  of  incubation 
at  32^0.  The  size  of  these  oocysts  was  45  to  50  micra;  sporo- 
zoites  could  be  seen  within  the  oocysts,  and  when  slight  pressure 
was  exerted  on  the  coverslip  to  rupture  the  oocysts  sporozoites 
were  expressed.  Examination  of  the  oocysts  in  these  mosquitoes 
17  days  after  the  infecting  meal  showed  that  the  mosquitoes 
would  never  become  gland  positive,  for  only  empty  cyst  capsules 

TABLE  1 

ESfeet  of  varioua  constatU  temperattares  an  the  devehpmeni  of  the  $porogenou9  cycle  of 

P.  vivaz  in  A.  quadrimaculattte 


•fOMi 

Bom 

kCBMHaC 

BOMi 

mnasB 

OF 

vm* 

DATS  BsqumD  *o 

nnu- 

TVKM 

nOAL 

iion 

Num. 
bflras- 

Nam- 
berwith 

PvOMit 

with 

Num. 
bflr«- 

Num. 
b«rwith 

Paroant 

with 

oonnaxB  vowM- 
mmojmctctM 

unintd 

otmywAM 

oosynt 

■BiMd 

■poro- 

mSm 

•c. 
37.6 

1 

30 

0 

0 

18 

0 

0 

Never  completed 

32 

2 

34 

29 

82 

23 

0 

0 

Never  completed 

30 

2 

18 

13 

61 

11 

8 

78 

8 

28 

6 

66 

60 

91 

44 

32 

73 

8 

26 

1 

7 

7 

100 

1 

1 

100 

10 

23-24 

6 

63 

69 

91 

70 

64 

79 

12 

22-23 

8 

80 

72 

90 

90 

80 

89 

14 

16-17 

6 

46 

30 

66 

9 

9 

100 

38 

13-18 

1 

11 

0 

0 

9 

0 

0 

Never  completed 

1-7 

1 

12 

0 

0 

3 

0 

0 

Never  completed 

containing  pigment  were  seen.  It  was  demonstrated,  however, 
that  some  of  the  oocysts  were  still  viable  on  the  seventh  day  of 
incubation  at  32^C.,  for  when  part  of  the  mosquitoes  were  re- 
moved to  a  temperature  of  22^0.,  a  scanty  gland  infection  was 
observed  to  develop.  A  constant  incubation  temperature  of 
32*^0.  while  it  allowed  the  oocyst  to  develop  to  maturity,  either 
caused  the  sporozoites  to  die  within  the  oocyst  or  prevented 
their  "migration"  to  the  salivary  glands  after  the  cysts  had 
ruptured. 
No  oocysts  or  sporozoites  were  found  in  A.  quadrimaculatus 
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incubated  at  temperatures  below  16  to  17®C.  As  dissectiom 
the  stomachs  of  these  lots  up  to  the  eighteenth  day  of  incubat 
were  negative,  the  mosquitoes  were  removed  to  the  22°C. 
cubator  to  allow  the  oocysts,  if  any  were  present,  to  develop  m 
rapidly.  However,  no  infected  stomachs  or  glands  were  foi 
during  the  55  days  the  mosquitoes  were  under  observati 
Control  lots  (not  shown  in  Table  I)  incubated  at  28*^C.  showed  t 
the  patients'  blood  was  infectious  for  mosquitoes  kept  at  favora 
temperatures. 

It  is  of  epidemiological  importance  to  note  that  adult 
quadrirncLculatus  were  able  to  survive  a  wider  range  of  temperat 
than  the  developmental  forms  of  P.  vwax  which  infect  t 
mosquito.  If  the  humidity  was  sufficiently  high  the  imagi 
lived  for  a  period  of  2  weeks  at  37.5*^0.  and  withstood  a  tempe 
ture  of  1  to  7°C.  for  more  than  2  months. 

At  whatever  constant  temperature  the  mosquitoes  were 
cubated  (within  the  range  of  temperature  compatible  with  ' 
development  of  the  exogenous  cycle),  the  resulting  sporozoi 
were  infective.  In  other  words,  when  the  different  lots 
mosquitoes  hsted  in  Table  I  as  having  been  incubated  at  consti 
temperatures  between  15-1 7°C.  and  30®C.  were  applied 
paretics,  all  patients  developed  verified  clinical  malaria. 

Eight  days  was  the  shortest  time  in  which  P.  vivax  was  obsen 
to  complete  its  sporogenous  cycle.  This  occurred  when  i 
mosquitoes  were  incubated  at  28**C.  or  30*^C.  At  26*^C.  1 
sporogenous  cycle  was  prolonged  to  10  days,  at  23  to  24*^C. 
12  days,  at  22-23°C.  to  14  days,  although  an  occasional  lot  < 
not  become  gland  positive  before  17  days  at  this  last  temperatu 
Between  the  temperatures  of  22  and  28*^C.  an  increase  of  V 
usually  shortened  the  time  required  for  the  completion  of  1 
sporogenous  cycle  by  1  day.  At  lower  temperatures  the 
cubation  period  was  disproportionately  prolonged,  since  at  15 
17°C.  the  extrinsic  incubation  period  was  from  25  to  40  da 
Within  the  temperature  range  compatible  with  the  developm< 
of  P.  vivax  in  the  anopheline  the  time  necessary  for  the  complet: 
of  the  sporogenous  cycle  decreased  as  the  temperatiure  increas 
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The  effect  an  the  develapment  of  P.  vivax  in  anaphelinee  which  were 
exposed  to  high  temperatures  shortly  after  feeding 

Anophelines  having  fed  on  a  patient  in  the  hospital  were  placed 
at  temperatures  of  37.5*^C.  on  return  to  the  laboratory.  One  to 
1^  hours  elapsed  between  the  time  when  the  anophelines  had 
finished  their  blood  meal  and  the  time  they  were  placed  at  37.5**C. 
After  varying  periods  of  incubation  at  37.5**C.  the  anophelines 
were  removed  to  a  favorable  temperature  of  20  to  24*^C.  The 
results  are  shown  in  table  2. 

In  the  three  lots  of  mosquitoes  kept  at  37.5^C.  for  17  to  18 
hours  after  feeding,  none  became  infected.  The  average  infection 
rate  in  the  controls  incubated  at  a  favorable  temperature  was  90 
per  cent.  None  of  the  experimental  lots  showed  sporozoites  in 
the  salivary  glands,  while  the  controls  were  gland  positive  on  an 
average  of  14  dayB. 

In  the  second  series  kept  at  37.5^0.  for  2,  4,  and  8  hours  after 
feeding,  none  of  the  mosquitoes  exposed  to  this  temperature  for  4 
hours  or  longer  become  infected.  Those  kept  at  37.6*^0.  for  2 
hours  were  gland  positive  in  13  days,  the  same  time  as  the  con- 
trols. There  was  no  significant  difference  in  the  infection  rate  of 
the  controls  and  the  experimental  lot  kept  at  37.5^0.  for  2  hours, 
but  there  was  a  higher  percentage  of  heavily  infected  stomachs  in 
the  control  lot  than  in  the  experimental  lot. 

In  the  third  series  three  lots  of  mosquitoes  were  kept  at  37.5®C. 
for  2,  3,  and  4  hours  after  feeding.  No  plasmodial  infection  was 
f oimd  in  anophelines  kept  at  this  temperature  for  3  hours  or 
longer.  The  infection  rate  in  the  lot  kept  at  37.5*^0.  for  2  hours 
was  only  slightly  less  than  in  the  control  lots,  although  50  per 
cent  of  the  control  lots  had  heavier  stomach  infections  as  deter- 
mined by  oocyst  counts.  In  the  foxui;h,  fifth,  and  sixth  series 
the  fioidings  were  in  agreement. 

When  A.  quadrimaculatus  which  had  fed  on  a  gametocyte 
carrier  of  P.  vivax  were  placed  at  37.5*^0.  within  1  to  \\  hours  after 
feeding,  the  percentage  of  mosquitoes  developing  plasmodial 
infection  decreased  progressively  the  longer  they  were  kept  at 
this  unfavorably  high  temperature.    After  exposure  to  37.5*^0. 
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for  3  hours  only  3  per  cent  of  the  experimental  lots  became 
fected  as  compared  with  an  infection  rate  of  72.8  per  cent  in 

TABLE  2 
Effed  of  varying  Hme  of  expo9vr€  ai  S7.5''C.  on  the  deoelopmmU  of  the  tporogt 
cycle  in  A,  quadrimaeulaiue 


■OVMAV 

■lOKUi 

OLura 

nBBC 

Tiom 

mum 

■onoM 

wmmam 

fi 

1 

f 

L 

ii 

^1 

HATB  BBOUIBBB 

I7J-C. 

TOM 

11 

W 

It 

11 

11 

0 

r 

■VOOSCICU 

I 

17 

10 

0 

0 

10 

0 

Never  con^)! 

18 

27 

0 

0 

20 

0 

0 

Never  compl 

18 

13 

0 

0 

13 

0 

0 

Never  compl 

Controls^ 

19 

18 

95 
75 

84 

71 

84 
100 

14 

II 

2 

12 

9 

6 

13 

4 

12 

0 

0 

10 

0 

0 

Never  compl 

8 

9 

0 

0 

0 

0 

Never  compl 

Controls^ 

9 

7 
10 

78 

10 

0 

90 

18 

III 

2 

12 

88 

1 

25 

14 

8 

11 

0 

0 

0 

0 

Never  compl 

4 

11 

0 

0 

Controls^ 

12 

11 

92 
21 

24 

15 

63 

12 

IV 

2 

14 

8 

8 

50 

14 

8 

13 

1 

7.6 

1 

25 

14 

4 

0 

0 

0 

0 

0 

Never  compl 

Controls^ 

7 

6 

86 

8 

60 

13 

V 

1 

12 

6 

50 

0 

0 

Never  compl 

2 

14 

4 

29 

1 

13 

16 

8 

9 

0 

0 

0 

0 

Never  compl 

Controls^ 

10 

7 

70 

0 

0 

Never  compl 

VI 

1 

14 

3 

21 

3 

50 

14 

2 

13 

1 

7.6 

1 

25 

14 

3 

15 

0 

0 

0 

0 

Never  compl 

Controls* 

7 

6 

86 

3 

60 

13 

*  Incubated  at  optimal  temperatures  of  20  to  24®C. 

t  Dissected  before  sporogenous  cycle  was  completed  in  control  lot. 

controls.    At  4  hours  or  longer  at  this  temperature  none  of 
experimental  lots  became  infected. 
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The  effect  cfhigh  temperatures  upon  the  developing  oocysts  of  P.  vivas 

in  A.  qiJUidrimactikUus  foUowing  incuJHxtion  at 

favorable  temperatures 

Separate  lots  of  A.  quadrimaculatiis  infected  with  P.  vivax  were 
incubated  at  favorable  temperature  (22  to  24^C.)  for  7  to  13  days 
after  an  infective  feeding.  To  serve  as  a  control  a  part  of  each 
lot  was  allowed  to  remain  at  this  favorable  temperature.    The 

TABLES 

Bjfed  on  Ihe  development  of  the  eporogenotte  cyde  in  A.  quadrimaetdaiue  when  the 

moequiioee  were  expoeed  to  unfaeorable  iemperaitare  (87.(f^C,)  foUowing 

incubation  at  optinuU  iemperattare  (M  to  1H**C.) 


MOMA) 

mtAM 

SZHMUSB 

OBBam 

mowe 

DDUBM 

nom 

ASW- 

VATOB^ 

ilBLBTUf- 

nnu- 

■XPOWBB  AT 

oraMAJbnnf- 

Num- 
bflras- 

Num. 

bar 

with 

ooQyiti 

oooysti 

Nnift- 
b«r  «- 

Num. 

5& 

P«r 

DATBBaQUDODTO 

oonnan  »OBoa. 
wmovecTOM 

amiiMd 

■mintd 

'SS 

'£S£ 

im 

kemn 

8 

1 

1 

1 

100 

9 

5 

66 

14 

8 

8 

2 

2 

100 

8 

8 

100 

15 

10 

12 

2 

2 

100 

8 

8 

100 

17 

9 

18 

9 

8 

80 

9 

0 

0 

Never  completed 

9 

24 

10 

8 

80 

8 

1 

18 

21 

10 

24 

4 

8 

76 

9 

0 

0 

Never  completed 

12 

24 

2 

1 

50 

7 

1 

14 

36 

13 

24 

7 

6 

86 

9 

0 

0 

Never  completed 

10 

86 

10 

8 

80 

10 

0 

0 

Never  completed 

7 

168 

7 

5 

71 

6 

0 

0 

Never  completed 

Controls^ 

84 

76 

91 

161 

136 

84 

14 

.   *  Ezpooed  at  22  to  24^.  throughout  experiment. 

remaining  mosquitoes  of  the  same  lot  were  placed  at  37.5^C.  for . 
periods  of  1  hour  to  7  days^  after  which  time  they  were  again 
put  at  a  temperature  favorable  for  the  development  of  the 
Plasmodium.    The  results  are  shown  in  table  3. 

Exposure  of  mosquitoes  with  developing  oocysts  to  a  tempera- 
ture of  37.5^C.  for  1  to  12  hours  had  no  demonstrable  effect  in 
shortening  or  increasing  the  time  for  the  completion  of  the 
sporogenous  cycle.  There  was  no  deleterious  effect  on  the  oocysts 
as  judg^  by  the  number  of  anophelines  which  became  gland 
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positive:  100  per  cent  of  the  anophelines  placed  at  37.5^0.  for  8 
to  12  hours  showed  sporozoites  in  the  salivary,  glands  on  dis- 
section. The  first  unfavorable  effect  of  high  temperature  on  the 
developing  oocyst  was  observed  in  the  lot  which  was  exposed 
to  37.5*^0.  for  18  hours*  Although  89  per  cent  of  this  lot  showed 
oocysts  on  stomach  dissection,  none  of  8  glands  examined  on 
the  seventeenth  and  twenty-first  days  after  the  infective  feeding 
showed  sporozoites.  Stomachs  examined  on  these  2  days  showed 
only  remains  of  degenerate  cysts. 

In  four  lots  of  anophelines  placed  at  37.5^C.  for  24  hours  only 
an  average  of  6  per  cent  became  gland  positive,  although  the 
stomach  infections  of  these  lots  were  50  to  86  per  cent.  Of  the 
control  lots  84  per  cent  developed  sporozoites. 

One  lot  placed  at  37.5®C.  for  36  hours  never  became  gland 
positive,  although  80  per  cent  of  the  stomachs  of  this  lot  had 
oocysts.  One  hundred  per  cent  of  the  control  lot  became  gland 
positive  on  the  seventeenth  day.  One  lot  incubated  at  22^0. 
for  7  da3rs  and  at  37.5®C.  for  7  days  never  became  gland  positive 
while  it  was  under  observation.  Seventy-one  per  cent  of  the 
stomachs  of  this  lot  showed  oocysts. 

When  the  development  of  the  oocyst  was  well  advanced  (7-13 
days  after  the  infective  feeding),  exposure  of  the  infected  anoph- 
elines to  37.5®C.  up  to  12  hours  did  not  prevent  the  further 
development  of  the  oocysts,  but  exposure  to  this  unfavorable 
temperature  for  18  hours  or  longer  completely  stopped  the  de- 
velopment of  the  oocysts  in  all  but  a  very  small  percentage  of 
mosquitoes. 

The  effect  on  the  developing  oocysts  of  intermittent  exposures  to  an 
unfavorably  high  temperature 

From  the  time  of  its  infective  feeding  until  it  was  found  gland 
positive,  one  lot  of  mosquitoes  was  incubated  at  28^C.  except  fcHr 
7  hours  daily  exposure  to  37.5°C.  Subjected  to  this  method  of 
incubation  the  mosquitoes  were  found  to  be  gland  positive  on  the 
sixteenth  day  after  the  infecting  blood  meal  while  the  control 
lot,  incubated  at  a  constant  temperature  of  28^C.,  was  gland 
positive  in  8  days.    There  was  no  significant  difference  in  the 
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stomach  infection  rate  or  in  the  oocjrst  counts  of  the  experi- 
mental lot  and  its  control.  However,  the  percentage  of  positive 
glands  in  the  experimental  lot  was  33.3  per  cent  as  against  88.8 
per  cent  in  the  controls.  The  number  of  sporosoites  found  in 
the  positive  salivary  glands  of  the  experimental  lot  was  very 
small,  while  in  the  control  lot  the  sporozoites  in  the  salivary 
glands  were  abundant. 

It  was  demonstrated  that  intermittent  exposure  to  unfavorably 
high  temperatures  prolonged  the  incubation  period  of  P.  vivax. 
Although  there  was  no  difference  in  the  stomach  infection  rate  or 
in  the  oocyst  counts,  a  smaller  number  of  mosquitoes  became 
gland  positive,  and  in  these  the  niunber  of  sporozoites  foimd  in 
the  salivary  glands  was  scanty  compared  with  the  controls. 

The  effect  of  exposure  to  high  temperature  on  the  infectivity  of  A. 
guadrimaculatus  after  ti^e  sporogenaus  cyde  was  complOed 

Anophelines  which  had  completed  their  incubation  of  P.  vivax 
at  a  favorable  temperature  were  exposed  to  37.5^C.  for  8, 16,  and 
24  hours.  One  patient  inoculated  with  three  gland  positive 
mosquitoes  kept  at  37.5^C  for  8  hours  developed  clinical  malaria 
after  an  incubati(»i  period  of  12  days;  the  controls  developed 
clinical  malaria  on  the  eleventh  and  twelfth  days  after  inoculation. 
Two  patients,  each  inoculated  with  one  gland  positive  mosquito 
which  had  been  kept  at  37.5^C.  for  16  hours,  developed  clinical 
malaria  after  incubation  periods  of  14  and  15  days,  their  controls 
in  11  and  12  days.  No  difference  was  observed  in  the  clinical 
course  of  the  patients  inoculated  with  the  mosquitoes  of  the 
experimental  lots  and  those  inoculated  with  mosquitoes  always 
kept  at  favorable  temperature.  Two  patients  were  inoculated 
with  gland  positive  anophelines  which  had  been  kept  at  37.5^C. 
for  24  hours.  The  first  patient  inoculated  with  three  such 
mosquitoes  developed  no  clinical  malaria;  the  second  patient 
inoculated  with  six  mosquitoes  developed  clinical  malaria  after 
an  incubation  period  of  20  days  and  exhibited  three  tertian 
paroxysms  followed  by  a  spontaneous  termination  of  the  clinical 
attack.  The  control  patient  on  whom  only  three  control  mos- 
quitoes had  fed  developed  clinical  malaria  after  an  incubation 
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period  of  10  dayB,  experienced  16  quotidian  paroxysms  followed 
by  a  fever-free  period  of  7  days,  then  had  a  relapse  of  such  severity 
that  it  was  necessary  to  terminate  the  malaria  attack  by  the 
administration  of  quinine. 

The  effect  an  the  development  of  P.  tnvax  when  anophelinee  were 
exposed  to  low  temperatures  shortly  after  feeding 

A.  quadrimacidatus  which  had  taken  a  blood  meal  on  a  patient 
undergoing  malaria  therapy  were  kept  at  a  favorable  temperature 
for  1}  hours  in  transit  from  the  hospital  to  the  laboratory.  They 
were  then  placed  at  temperatures  of  1  to  lO^C.  for  periods  ranging 

TABLE  4 

Effect  of  low  temperature  on  the  development  of  ike  eporogenoue  cycle  in 

A.  quadrimaculatue  beginning  1)  houre  after  blood  meal 


mouA 

"""■*"^ 

mom 

■XFOIUBB  AV  LOW 
TBHPnUTUBB 

iMT^ 

Nim- 
ber  with 

'tff* 

si:^- 

Num- 
b«rwi«h 

^zsr' 

WOIIBOTCLB 

amiiMd 

006jniit 

oooysti 

amiatd 

SKT 

^ss:: 

<toy« 

•c. 

1 

3-6 

4 

4 

100 

7 

100 

16 

2 

8-0 

4 

3 

78 

6 

86 

16 

2* 

a-10 

7 

0 

0 

0 

0 

Never  ecmipleted 

4 

1-6 

9 

0 

0 

0 

0 

Never  completed 

7 

2-6 

10 

0 

0 

0 

0 

Never  completed 

Controls 

14 

12 

02 

117 

95 

81 

15 

from  1  to  7  days.  The  results  are  shown  in  table  4.  Plasmodia] 
infection  of  the  anophelines  occurred  in  those  lots  kept  at  a  low 
temperature  for  2  da3rs  or  less.  None  of  the  anophelines  kept  at 
1  to  lO^C.  for  2}  days  or  longer  developed  stomach  or  gland 
infections. 

The  effect  of  low  temperature  upon  the  developing  oocysts  of  P.  vivax 
following  incubation  at  favorable  temperature 

After  feeding  on  a  gametocyte  carrier  separate  lots  of  A. 
guadrim^a^culattLS  were  incubated  at  a  favorable  temperature 
(22-24°C.)  for  7  to  10  days.  To  serve  as  a  control  part  of  each 
lot  was  kept  at  a  favorable  temperature  throughout  the  de- 
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velopment  of  the  sporogenous  cycle.  Other  mosquitoes  from 
these  same  lots  were  placed  at  temperatures  of  1  to  lO^C.  for 
periods  of  1  to  35  days.  The  results  are  shown  in  table  5.  The 
sporogenous  cycle  was  usually  completed  in  the  lots  which  were 
kept  at  a  low  temperature  for  21  days  or  less.    None  of  the 

TABLES 
Bffeetonih4denlopm9fUofih4$parogenotMeycUinA.quadnmaeuU^ 

^Uoet  were  exposed  to  law  temperaitare  (1  to  17^C.)  following  ineubation 
at  favorable  temperature  (If  to  l^*C.) 


»-M*C. 


10 

10 

10 

10 

8 

8 

8 

8 


Controls* 


1 

2 

4 

8 

14 

21 

28 

86 

2 

7 

16 

24 

31 

23 


1 

1 

1 

1-^ 
1-8 
1-8 
1-8 
2-8 
2-8 
2-8 
2-8 
2^ 
16-17 


1 


8 
8 
2 

10 
7 
6 

11 
8 

12 
8 

18 
4 

14 
7 

60 


! 


8 
8 
2 
8 
7 
6 

11 
7 

10 
8 
9 
8 
4 
6 

47 


li 


100 

100 

100 

80 

100 

100 

100 

87 

83 

100 

09 

76 

29 

71 

94 


I 


8 
6 
8 
9 
8 

16 
6 
7 

12 

12 
6 

14 
9 

119 


7 
3 
5 
0 
6 
6 
0 
0 
10 
10 
4 
4 
0 


ij 

I 


87 
00 
83 

0 
63 
33 

0 

0 
83 
83 
80 
29 

0 

73 


16 

27 

28 
Never  completed 

30 

37 
Never  completed 
Never  completed 

18 

24 

43 

43 
Never  completed 

16 


*  Exposed  at  22  to  24®G.  throughout  the  experiment. 

anophelines  kept  at  1  to  lO^C.  for  longer  than  24  days  showed 
sporozoites  in  their  salivary  glands  on  dissection. 

The  effed  of  exposure  to  low  temperatures  an  the  infedivity  of  A. 
quadrimaculatus  after  the  sporogenoue  cycle  was  completed 

In  our  studies  on  induced  malaria  anophelines  were  routinely 
stored  at  1  to  7°C.  after  completion  of  the  sporogenous  cycle  when 
sporozoites  were  found  in  the  salivary  glands.    At  this  tempera- 
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ture  repeated  trials  showed  that  after  60  days  at  1  to  7^G.  the 
infectivity  was  lost  as  when  these  mosquitoes  were  applied  to 
paretics,  these  patients  did  not  develop  verified  clinical  malaria. 

BUMMABT  AND  CONCLUBIONB 

1.  The  sporogenous  cycle  of  P.  vivax  in  A.  quadrimacidatua  was 
completed  within  the  temperature  range  of  15-17®C.  to  30®C. 

2.  The  shortest  time  in  which  the  cycle  was  completed  in  the 
insect  vector  was  8  days  after  the  infective  feeding;  the  longest 
period  was  38  days. 

3.  The  optimum  temperature  for  the  development  of  the 
exogenous  cycle  of  P.  vivax  was  28^0.,  the  lowest  temperature  at 
which  the  cycle  was  completed  in  the  shortest  time. 

4.  In  all  stages  of  the  exogenous  cycle/  P.  vivax  was  more  sus- 
ceptible to  unfavorably  high  temperatures  than  to  imfavorably 
low  temperatiues. 

5.  Shortly  after  feeding  on  a  gametocyte  carrier  A.  quadrir 
macuUdus  was  completely  sterilised  of  its  plasmodial  infection 
at  37.5^0.  in  2  to  3  hours;  at  temperatures  of  1  to  lO^C.  2}  dasrs 
were  necessary.  During  the  growth  of  the  oocysts  (7  to  13  days 
after  the  infective  feeding)  exposure  of  the  mosquito  to  37.5^0. 
for  18  to  24  hours  aborted  its  development,  only  a  very  small 
percentage  of  these  mosquitoes  ultimately  showing  sporozoites 
in  their  salivary  glands.  At  1  to  lO^C,  24  days  were  required  to 
interrupt  oocyst  development.  When  the  sporogenous  cycle  was 
completed  and  sporozoites  were  present  in  the  salivary  glands  of 
the  anophelines,  24  hours'  exposure  to  37.5^0.  had  a  marked 
inhibitory  effect  on  the  infectivity  of  the  sporozoites  in  human 
inoculation.  This  effect  was  not  observed  in  anophelines  kept  at 
1  to  7°C.  until  after  60  days  at  this  low  temperature. 

6.  The  developmental  forms  of  the  malaria  parasite  present 
shortly  after  feeding  were  most  susceptible  to  unfavorably  high 
and  low  temperatures;  the  sporozoite  was  least  suceptible  to 
unfavorable  temperatures;  the  oocyst  occupied  an  intermediate 
position. 

7.  Anophelines  which  developed  their  malarial  infection  when 
incubated  at  the  lowest  or  at  the  highest  temperatures  possible 
for  the  completion  of  the  exogenous  cycle  were  infective. 
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8.  The  fact  that  P.  vivax  will  not  develop  at  constant  tem- 
peratures above  30®C.  and  the  fact  that  a  period  of  24  hours  at 
37.5*^0.  will  sterilize  all  but  a  very  small  per  cent  of  A.  quadr 
rimaculatus  of  their  P.  vivax  infection  have  a  bearing  on  the 
transmission  of  P.  vivax  infection  during  the  summer  months. 
The  data  presented  show  that  in  certain  localities  the  oocyst  may 
survive  the  winter  and  complete  its  development  the  following 
spring. 

9.  The  adult  Anopheles  quadrimaculaitu  will  survive  higher  and 
lower  temperatures  than  the  developmental  forms  of  the  malaria 
parasite  which  infect  this  insect. 
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In  our  experience  to  date,  the  outcome  of  inoculations  made 
with  Plasmodium  falciparum  has  been  distinctly  less  certain  than 
in  the  case  of  those  made  with  Plasmodium  vivax,  even  though  in 
each  case  the  presence  of  sporozoites  in  the  salivary  glands  of  the 
mosquitoes  was  verified  after  their  application.    In  all  except 


TABLE  1 

OOlfPLmOM  OP  BZTsncsic 
DCCUBATION  PBBIOD 

TOTAL  IKOCULATIOM 
WITH  P.  PALCXPABUM 

TOTAL  snccuapxTL 

XKOCULATXOirB 

day* 

1-10 

31* 

26 

84 

11-20 

39 

28 

71.8 

21-30 

11 

3 

27.3 

31-40 

11 

1 

0.1 

41-50 

6 

0 

0.0 

61-60 

0 

All 

98 

58 

59.4 

*  Two  failures  following  use  of  mosquitoes  on  first  day  gland-positive. 

three  instances  the  inoculations  reported  have  been  in  negroes  or 
colored  persons.  Failure  cannot  be  attributed  to  immunity  of 
the  patients,  as  in  every  instance  where  an  inoculation  has  been 
unsuccessful,  we  have  ultimately,  by  using  other  mosquitoes 

^  The  observations  on  which  this  paper  are  based  were  made  with  the  support 
and  under  the  auspices  of  the  International  Health  Division  of  the  Rockefeller 
Foundation  in  codperation  with  the  Florida  State  Board  of  Health  and  the 
Florida  State  Hospital. 
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(usually  infected  with  the  same  strain),  invariably  succeeded  in 
infecting  the  patient.  The  uncertain  results  cannot  therefore 
be  credited  to  qualities  of  the  patients. 

After  the  mosquitoes  have  matured  their  infection  with  Plasmo- 
dium falciparum,  they  are  transferred  for  storage  to  a  Frigidaire 
kept  at  a  temperature  ranging  from  3^  to  14^0. 

Since  the  unsatisfactory  results  appeared  attributable  to  the 
mosquitoes  rather  than  the  patients,  we  were  led  to  analyze  our 
experience  with  the  different  lots  according  to  the  time  elapsing 
between  the  termination  of  the  extrinsic  incubation  period  and 
the  employment  of  the  mosquitoes  for  inoculation.  The  results 
are  presented  in  table  1. 

During  the  first  ten-day  period  the  results  have  been  quite 
satisfactory,  84  per  cent  of  all  inoculations  taking,  and  if  we 
exclude  2  patients  inoculated  with  mosquitoes  that  had  become 
gland-positive  on  the  same  day,  90  per  cent  of  inoculations  with 
mosquitoes  in  this  period  have  been  successful.  Thereafter, 
however,  the  effectiveness  of  the  mosquitoes  rapidly  dinunishes. 
We  have  not  succeeded  in  any  inoculation  attempted  with  mos- 
quitoes when  more  than  forty  days  has  elapsed  since  the  comple- 
tion of  the  extrinsic  incubation  period. 

In  this  connection  it  is  interesting  to  note  that  the  infectiousness 
of  mosquitoes  harboring  Plasmodium  falciparum  deteriorates 
much  more  rapidly  than  does  that  of  those  harboring  Plasmodium 
vivax  (1). 
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STUDIES  ON  BENIGN  TERTIAN  MALARIA. 
8.    OBSERVATIONS  ON  SPLENOMEGALY.*  t 

By 
WARREN  K.  STRATMAN-THOMAS. 

(Received  for  publication  October  17,  1934.) 

The  observations  presented  in  this  paper  are  based  on  the  routine 
examinations  of  the  spleens  of  adult  white  male  patients  experiencing 
a  single,  primary,  therapeutic  infection  with  Plasmodium  vivax. 

Methods. 

The  patients  to  receive  malaria  therapy  were  selected  by  the  regu- 
lar medical  staff  of  the  hospital.  Inoculation  with  Plasmodium  vivax 
was  effected  by  means  of  anopheline  mosquitoes.  The  examinations 
were  made  at  weekly  intervals  from  the  time  of  inoculation  until  the 
patient  was  discharged  from  the  malaria  service.  Palpation  for  the 
detection  of  spleen  enlargement  was  performed  while  the  patient  lay 
in  a  recumbent  position  with  the  knees  flexed.  The  degree  of  en- 
largement was  described  as  along  a  line  drawn  from  the  left  costal 
margin  through  the  umbilicus  to  the  right  iliac  spine.  The  amount 
of  splenic  enlargement  was  classified  according  to  the  method  of  Boyd, 
which  is  as  follows : 

N.P.  Spleen  not  palpable  during  deep  inspiration. 

P.D.I.  Palpable  only  on  deep  inspiration. 

No.  1.  Palpable  on  the  costal  border  during  normal  inspiration. 

No.  2.  Palpable,  extending  anywhere  beyond  the  outer  limit  of  the 

previous  class  half  way  to  the  umbilicus. 

No.  3.  Palpable,  extending  to  the  umbilicus. 

No.  4.  Palpable,  extending  beyond  the  umbilicus. 

*  The  observations  on  which  this  paper  are  based  were  made  with  the  support 
and  nnder  the  auspices  of  The  Rockefeller  Foundation,  in  cooperation  with  the 
Florida  State  Board  of  Health  and  the  Florida  State  Hospital. 

t  Read  before  the  National  Malaria  Committee,  meeting  at  Richmond,  Vir- 
ginia, November  17,  1933,  in  joint  session  with  the  American  Society  of  Tropical 
Medicine. 
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MateriaL 

Data  from  fifty-ei^ht  cases  are  presented.  Other  cases  are  not 
considered,  as  palpation  was  unsatisfactory  because  of  a  very  adipose 
or  muscular  abdomen,  or  because  the  patient  would  not  cooperate  with 
the  examiner. 

Results, 

The  fifty-eighth  cases  were  divided  as  follows  into  four  classes  ac- 
cording to  the  duration  of  their  clinical  attack : 

I.  Duration  of  10  daj's  or  less,  21  cases. 

II.  Duration  of  11  to  20  days,  21  cases. 

III.  Duration  of  21  to  30  days,  10  cases. 

IV.  Duration  of  over  30  days,        6  cases. 

The  spleen  measurements  of  the  patients  in  each  of  these  four 
classes  were  tabulated  separately  by  weeks  elapsing  after  the  onset 
of  the  attack  of  clinical  malaria  (taken  arbitrarily  as  the  first  day  that 
the  temperature  reached  100°  F.). 

Arbitrary  numerical  values  representative  of  proportional  increase 
in  splenic  volume  were  assigned  to  the  various  classes  for  the  purpose 
of  computing  the  average  spleen,  as  follows: 

Not  palpable  1 

Palpable  on  deep  inspiration 2 

Number  1  spleen 3 

Number  2  spleen 5 

Number  3  spleen 8 

The  size  of  the  average  spleen  during  successive  weeks  of  illness  in 
attacks  of  differing  duration  is  shown  in  table  1.  Patients  who  suf- 
fered a  relapse  of  verified  clinical  malaria  are  separated  from  those 
who  did  not  have  a  relapse. 

Discussion. 

Cases  not  relapsing.  In  table  1  it  is  seen  that  the  degree  of  splenic 
enlargement  attained  is  directly  proportional  to  the  duration  of  the 
clinical  attack.  Attacks  of  10  days'  duration  or  less  tend  to  promote 
palpability  only  on  deep  inspiration,  with  the  maximum  enlargement 
noted  at  the  end  of  the  second  week.  This  enlargement  disappears 
during  the  third  week  after  the  clinical  attack.  Patients  experiencing 
clinical  attacks  of  from  10  to  20  days*  duration  tend  to  develop  as  a 
maximum  a  number  1  spleen,  which  occurs  during  the  second  week 
of  the  clinical  attack.     After  the  sixth  week  the  spleen  tends  to  de- 
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TABLE  I. 
Size  of  average  spleen  during  successive  weeks  of  illness  in  attacks  of  differing  durations. 


Non-relftpsing 


l8t 

week 


2d 
week 


3d 
week 


4th 
week 


5th 
week 


flth 
week 


7th 
week 


8th 
week 


9th 
week 


10  days  or  under  (18  cases) 

11  to  20  days  (18  cases) . . . 
21  to  30  days  (10  cases) . . . 
Over  30  days  (5  cases) .... 

Relapsing  cases 

10  days  or  under  (3  cases) . 

11  to  20  days  (3  cases) 

21  to  30  days  (no  relapses) 
Over  30  days  (1  case) 


1.29 
1.58 
1.14 
1.40 


1.41 
3.07 
2.30 
4.0 


1.23 
3.11 
4.0 
5.0 


1.44 
3.08 
4.2 
5.0 


1.44 
2.65 
3.66 
5.4 


1.0 
3.11 
2.6 
4.76 


1.0 
1.87 
1.77 
4.0 


2.0 


3.0 


1.0 
1.0 


2.0 
2.0 


2.66 
3.0 


3.33 
4.0 


5.0 
6.0 


4.0 
6.0 


5.5 
3.5 


3.0 
5.0 


1.0 


2.0 


5.0 


8.0 


8.0 


8.0 


8.0 


8.0 


3.0 


crease  in  size  until  it  is  palpable  only  on  deep  inspiration.  Patients 
experiencing  attacks  of  21  to  30  days'  duration  tend  to  have  a  number 
2  spleen  as  the  maximum  degree  of  splenomegaly,  which  occurs  dur- 
ing the  third  week  after  onset.  By  the  fifth  week  the  spleen  has  de- 
creased to  number  1  dimensions  and  in  the  sixth  week  it  may  be  only 
palpable.  Eight  weeks  after  onset  the  splenomegaly  has  usually  dis- 
appeared. Patients  experiencing  a  clinical  attack  of  more  than  30 
days'  duration  tend  to  develop  a  number  2  spleen  (slightly  larger  than 
that  of  the  previous  group)  as  a  maximum,  during  the  second  week,  al- 
though the  spleen  continues  to  increase  in  size  until  the  fifth  week. 
It  may  persist  in  this  degree  until  the  seventh  week,  after  which  the 
enlargement  begins  to  decrease. 

Case  relapsing.  The  relapsing  cases  are  too  few  in  number  to 
permit  of  any  definite  statement,  except  that  while  the  maximum 
splenic  enlargement  persists  there  appears  to  be  the  possibility  of  a 
relapse. 

Concliisions, 

1.  The  degree  of  splenic  enlargement  attained  is  proportional  to 
the  duration  of  the  primary  clinical  attack. 

2.  After  the  cessation  of  the  clinical  attack  the  spleen  quickly 
tends  to  decrease  in  size. 

3.  If  the  clinical  attack  subsides  but  the  maximum  degree  of 
splenomegaly  persists  there  is  possibility  of  a  relapse. 

4.  Since  splenic  enlargement  is  transitory,  spleen  surveys  in  the 
field  should  be  made  during  the  height  of  the  malaria  season. 
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Dr.  Hayden  visited  the  locality  of  Mr.  Ljr^s*  excavations,  and 
informs  me  that  the  formation  from  whjm  the  Camafasaiaus  was 
obtained,  is  the  Dakota.  Prof.  Mar^n  has  attempted  to  identify 
what  i^T^GCQrding  to  Prof.  MudgpJ^he  same  horizon,  one  hundred 
miles  north  otCScnyoxiCitv/with  the  Wealden  of  England. 
Specimens  from  the  nor^rnvj^cality  which  I  have  examined 
render  it  certain  that  tjre  horizonTs^'th^tof  Mr.  Lucas'  excava- 
tions. Of  this  I  ma/say  that  there  is  no^pal^ntological  evi- 
dence of  its  identity  with  the  Wealden.  The  resembkuice  of  the 
vertebrate  fossil^o  those  of  the  English  Oolite  is  much  gfeater, 
but  not  suffioMit  as  yet  for  identification. 

The  discwery  of  Vertebrata  in  the  strata  of  the  Dakota  epoch 
is  an  important  addition  to  the  geology  and  palaeontology  of 
North  America.  Credit  is  due  to  Superintendent  O.  W.  Lucas 
for  this  discovery,  and  also  in  an  especial  manner  for  the  skill  and 
care  he  has  exercised  in  taking  out  and  shipping  the  ponderous 
specimens. 


THE  DISCOLORED  WATERS  OF  THE  GULF  OF  CALI- 
FORNIA. 

BY   THOS.    H.   STREETS,   M.D.,   U.   S.   N. 

ONE  of  the  earliest  names  given  by  the  old  Spanish  navigators 
to  the  body  of  water  that  lies  between  the  peninsula  of  Lower 
California  and  the  western  coast  of  Northern  Mexico  was  the 
Vermilion  sea.  It  was  also  known  in  the  earlier  times  as  the  Mar 
de  Cortez,  and  Mar  Laurentano;  or  the  Mar  Vermiglion,  Mar 
Rojo,  and  Mar  Vermijo,  on  account  of  the  reddish  color  of  its 
waters ;  and  more  recently  as  the  Mar,  or  Gulfo,  de  California. 

The  names  Vermiglion,  Vermijo,  and  Rojo  seem  to  have  been 
applied  as  early  as  between  the  years  1537  and  1540,  after  the 
explorations  of  Ulloa  and  Alarcon,  and  from  the  accounts  given 
of  it  by  Nufio  de  Guzman  and  his  officers,  who  were  the  con- 
querors and  rulers  of  Sinaloa,  a  state  bordering  on  the  gulf 

In  all  these  narratives,  however,  it  is  well  to  note  that  two 
entirely  distinct  causes  of  discoloration  are  confounded.  Father 
Consag  and  Ugarte,  in  particular,  speak  of  the  brick-colored  cor- 
rosive water  of  the  gulf-head,  which  is  altogether  different  from 
the  more  vermilion-colored  patches  at  the  mouth  of  the  gulf, 
which  were,  doubtless,  what  suggested  the  name  Vermilion  sea. 
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J.  Ross  Browne,  at  a  recent  date,  and  before  him  De  Mofras, 
discredited  the  statements  of  the  old  Spanish  sailors,  and  attribu- 
ted the  red  color  to  the  reflection  in  the  water  of  the  brilliant, 
rosy-tinted  clouds  of  sunset. 

We  had  ample  opportunity  to  verify  the  truth  of  the  Spanish 
account  during  the  extended  survey  of  the  gulf  and  its  shores  by 
the  U.  S.  Steamer  '' Narragansett','  in  1875. 

We  first  saw  patches  of  the  red  water  south  of  Ciralbo  island. 
The  steamer  was  stopped  and  a  bucket  was  thrown  overboard  to 
secure  some  of  it  for  examination.  The  water  thus  procured 
revealed  nothing  when  subjected  to  the  test  of  the  microscope;  it 
was  perfectly  transparent.  The  failure  to  discover  the  cause  in 
this  instance  was  due  to  the  fact  that  the  coloring  matter  does 
not  float  upon  the  top  of  the  water,  but  is  suspended  several  feet 
below;  and  when  this  was  ascertained,  by  putting  a  lead  in  the 
bucket  and  sinking  it  a  half  fathom  or  more  below  the  surface, 
there  was  no  difficulty  in  obtaining  all  that  was  desired. 

When  first  drawn  up  and  viewed  in  a  glass  vessel  by  the  un- 
aided eye  the  water  had  a  faint  reddish  tinge.  When  allowed  to 
stand  for  a  half  hour  the  coloring  matter  settled  to  the  bottom  of 
the  vessel  as  a  greenish-yellow  precipitate ;  and  when  some  of  this 
was  taken  up  by  a  pipette  and  examined  under  the  microscope,  it 
was  seen  to  be  composed  of  minute  roundish  bodies.  Further  on 
these  were  proven  to  be  the  remains  of  ciliate  infusoria. 

The  latter  fact  was  not  discovered,  however,  until  afler  much 
painstaking  investigation.  Some  small  objects  had  been  seen 
repeatedly  to  dart  across  the  field  of  vision  when  the  water  was 
placed  fresh  upon  the  glass  slide,  but  they  disappeared  as  they 
came,  like  a  flash,  and  it  was  a  long  time  before  their  disappear- 
ance could  be  satisfactorily  accounted  for.  The  molecules  were 
the  only  bodies  that  were  permanent,  and  I  was  inclined  to 
attribute  to  them  the  phenomenon  of  the  water.  Finally,  one  of 
the  little  bodies  mentioned  above  stopped  directly  in  the  centre  of 
the  field  of  vision,  and  commenced  a  rapid  rotatory  movement, 
which  presently  ceased,  and  the  animal  was  quiescent  for  a  second 
or  two;  when  lo!  a  rupture  occurred,  its  molecular  contents  oozed 
out,  and  its  transparent  envelope  became  invisible.  This  then 
was  the  solution  of  the  mystery.  Afterwards,  knowing  what  to 
search  for,  there  was  no  difficulty  in  seeing  the  same  process 
repeated  again  and  again. 
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Mr.  Darwin  in  his  "  Naturalist's  Voyage  Around  the  World/' 
encountered  a  patch  of  similarly  discolored  water  off  the  coast  of 
Peru.  According  to  his  account,  the  water  when  examined  by 
the  microscope  was  "  seen  to  swarm  with  minute  animalculae  dart- 
ing about  and  often  exploding.  Their  shape  is  oval  and  con- 
tracted in  the  middle  by  a  ring  of  vibrating  curved  cilia.  It  was, 
however,  very  difficult  to  examine  them  with  care,  for  almost  the 
instant  motion  ceased,  even  while  crossing  the  field  of  vision, 
their  bodies  burst."  From  the  foregoing  it  is  evident  that  the 
water  of  the  two  localities  is  discolored  alike  by  the  same  cause. 

Those  from  the  Gulf  of  California  exhibited  the  same  rapid 
to  and  fro  motion  as  the  ones  seen  by  Darwin,  and  this 
motion  was  succeeded  by  a  rotatory  movement  on  the  longer 
axis.  Sometimes  the  rupture  took  place  as  soon  as  the  latter 
motion  ceased,  and  at  other  times  the  animal  was  motionless  for  a 
few  moments  preceding  its  final  dissolution;  and  it  was  during 
these  intervals  of  quiescence,  only  now  and  then  observed,  that 
anything  like  a  correct  impression  of  its  general  outline  and 
structure  could  be  gained.  The  following  is  the  result  of  numer- 
ous observations  extending  over  considerable  time.  The  animal 
is  oval  in  outline,  with  a  projecting  lip  at  its  broad  extremity, 
fringed  with  cilia.  The  rotatory  movement  took  place  around  the 
smaller  end  as  a  pivot,  and  it  advanced  the  same  end  in  its  to  and 
fro  movements.  The  envelope  is  a  transparent  and,  apparently, 
structureless  membrane,  and  in  its  interior  are  greenish-yellow 
granules,  or  bodies  with  dark  rims  and  bright  centres.  These 
bodies  floated  loosely  in  the  cavity  of  the  animal,  for  when  it 
revolved  they  changed  their  places  like  pebbles  in  a  revolving 
cask.     They  averaged  about  the  1-12000  of  an  inch  in  diameter. 

According  to  Mr.  Darwin  the  bursting,  which  generally  oc- 
curred at  the  extremities  of  the  body,  is  due  to  an  expansion  of  the 
tegumentary  covering.  I  can  not  reconcile  this  with  the  results  of 
my  own  observations.  On  the  contrary,  I  noticed  a  contraction 
to  take  place  in  the  transverse  axis  of  the  body ;  its  length  was 
increased  and  its  transverse  diameter  diminished ;  in  other  words, 
the  oval  form  was  replaced  by  an  oblong.  This  will  better  illus- 
trate why  the  rupture  generally  took  place  at  one  of  the  extremi- 
ties of  the  body.  If  these  observations  are  correct  the  bursting 
of  the  envelope  would  be  the  result  of  an  active  rather  than  a 
passive  action.     The  only  reasonable  way  of  accounting  for  an 
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expansion  of  the  body-covering  would  be  by  an  imbibition  of 
water  from  the  outside,  and  a  rupture  would  as  likely  occur  in  one 
place  as  in  another  in  such  a  case. 

When  confined  in  a  drop  of  water,  or  in  an  animalcula  cage, 
the  little  animals  never  lived  as  long  as  a  minute,  the  field  of  vis- 
ion was  often  strewn  with  their  remains  before  the  observer  had 
time  to  look  through  the  tube  of  the  microscope.  This  was  espe- 
cially the  case  if  some  time  had  elapsed  since  their  removal  from 
the  sea.  When  kept  in  a  bucket  or  in  any  vessel  containing  a 
large  quantity  of  water  they  lived  for  a  much  longer  time. 

Many  experiments  were  made  with  destructive  agents  with  the 
view  of  killing  the  animalculae  before  they  had  time  to  destroy 
themselves,  but  the  results  were  unsatisfactory.  In  every  instance 
they  failed  to  accomplish  the  end  for  which  they  were  used ;  if 
they  served  any  purpose  it  was  to  accelerate  the  process  of  self- 
destruction. 

The  only  explanation  that  I  can  give  for  this  suicidal  propen- 
sity lies  in  the  abstraction  of  oxygen  from  the  water;  yet  this 
appears  somewhat  exceptional  in  view  of  the  fact  that  this  gas  is 
rather  immaterial  to  the  existence  of  the  low,  structureless  forms 
of  animal  life.  The  bacteria,  for  instance,  will  flourish  in  infusions 
that  have  been  boiled  and  hermetically  sealed. 

We  have  a  record  of  these  minute  animals  having  been  in  this 
locality  for  more  than  three  hundred  years,  defying  the  combined 
action  of  the  winds,  waves,  and  currents,  and  remaining  as  closely 
aggregated  as  a  community  of  individuals  endowed  with  reason 
or  instinct,  and  not  exposed  to  dispersing  causes.  They  appar- 
ently have  great  control  over  their  movements,  at  least  so  far  as 
regards  the  fixity  of  their  positions. 

The  great  Colorado  River,  at  the  head  of  the  gulf,  constantly 
pours  into  it  an  immense  volume  of  water  which  has  a  tendency 
to  carry  things  seaward,  as  it  does  logs  and  other  drift ;  yet  here 
is  this  microscopic  animal,  the  i-iooo  of  an  inch  long;  exposed 
tp  the  same  influence,  but  remaining  in  its  chosen  locality  for 
centuries.  What  keeps  these  masses  together  forever  in  one 
place  in  spite  of  the  circulation  of  the  waters  on  the  surface  of 
the  earth  ?  Well  might  the  question  have  presented  itself  to  the 
mind  of  Darwin,  but  his  fertile  imagination  suggested  no  adequate 
solution  for  it. 

Other  patches  of  discolored  water  obey  the  same  impulse.     In 
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1835  Mr.  Darwin  investigated  that  off  the  coast  of  Peru.  The 
earliest  notice  we  have  of  its  existence  in  that  locality  is  the  be- 
ginning of  the  nineteenth  century,  and  a  good  authority  might  be 
cited  for  its  existence  there  as  late  as  1872.  In  the  latter  year 
while  sailing  down  the  eastern  coast  of  South  America  we  passed 
through  a  tract,  while  off  the  mouth  of  the  Rio  de  la  Plata,  where 
the  surface  of  the  water  was  covered  with  a  thick  scum,  resembling 
saw-dust.  Darwin,  in  1832,  or  forty  years  previous,  found  it 
further  north,  in  the  vicinity  of  the  Abrolhos  Islets.  In  this  case 
the  material  that  discolors  the  water  belongs  to  the  vegetable 
kingdom.  It  is  a  "  minute  cylindrical  conferva,"  the  Triclwdesmium 
erythrcBum.  According  to  Ehrenberg,  the  color  of  the  water  of 
the  Red  Sea  is  due  to  the  presence  of  a  "  peculiar  genus  of  alga," 
and  Darwin  states,  on  another  authority,  that  it  is  the  same  species 
as  that  found  off  the  coast  of  Brazil.  In  the  latter  locality  it 
would  certainly  argue  a  defect  of  the  vision  to  call  the  water  red. 
Old  sailors  call  it  whales'  feed,  which,  with  them,  is  the  generic 
title  of  everything  that  discolors  the  water  of  the  ocean. 

"  The  brick-colored  and  corrosive  waters  of  certain  parts  of  the 
gulf-head  "  received  an  easier  solution  at  our  hands  than  the  more 
vermilion  patches  of  the  mouth  of  the  gulf  The  former  is  spoken 
of  as  being  so  extremely  caustic  as  to  remove  the  skin  from  the 
body  like  a  bliister,  and  to  cause  obstinate  boils  and  ulcers,  similar 
to  those  produced  by  scurvy,  and  which  lasted  for  a  long  time.  Some 
have  gone  so  far  as  to  even  state  that  it  would  rot  the  clothes  of 
those  who  were  incautious  in  meddling  with  it.  A  recent  com- 
piler has  endeavored  to  account  for  this  peculiar  property  of  the 
water  on  the  supposition  of  an  "  excess  of  the  iodides,  bromides 
and  sulphurets  of  minerals,  derived,  doubtless,  from  the  abundance 
of  volcanic  material  so  common  in  these  portions  of  the  gulf" 
But  as  is  common  in  such  cases  of  explanatory  guessing,  his  an- 
swer is  not  the  true  one. 

Most  of  our  information  concerning  this  water  has  come  down 
to  us  with  the  accounts  of  the  voyages  of  Father  Consag  and 
Ugarte,  both  of  whom  confined  their  explorations,  in  these  parts, 
to  the  head  waters  of  the  gulf;  the  former  in  1746,  and  the  latter 
in  1721. 

We  encountered  this  peculiar  caustic  water  in  about  the  same 
locality  assigned  it  by  Consag  and  others.  In  the  Bay  of  Muleje, 
an  indentation  in  the  coast  more  than  halfway  up  the  peninsula, 
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the  whole  surface  of  the  water  was  of  a  milky-red  color.  The 
body  that  gives  to  this  water  the  strangely  caustic  properties  is 
not  a  mineral,  but  an  animal — a  flagellate  infusorium — ^the  common 
Noctiluca  miliaris.  In  this  well-sheltered  bay  they  accumulate 
from  their  light  specific  gravity  at  the  top  of  the  water.  How 
thick  the  stratum  was  we  did  not  ascertain,  but  we  may  form 
some  idea  of  its  extent  from  the  fact  that  we  steamed  through  the 
tract  in  a  straight  line  for  four  or  five  hours  at  a  speed  of  about 
five  knots  per  hour.  We  dipped  a  canvas  bucket  in  their  midst, 
and  when  the  water  drained  off  it  remained  half  filled  with  the 
animalculae.  They  resemble  minute  grains  of  boiled  sago.  Every 
drop  of  water  was  literally  crowded  with  them.  They  were  so 
small  that  it  required  two  or  three  to  cover  the  area  of  a  pin's 
head.  It  is  very  easy  to  comprehend  how,  if  this  bay  were 
agitated  by  the  slightest  cause,  it  would  glow  as  a  broad  sheet  of 
living  fire. 

The  Spanish  sailors  bathed  in  this  water,  and  according  to 
their  chroniclers  their  bodies  were  covered  with  boils  and  ulcers 
in  consequence.  They  were  only  half-way  right  when  they  at- 
tributed their  infirmities  to  the  water.  The  lashes  of  the  little 
jioctiluca  were,  undoubtedly,  the  exciting  agents — the  direct  cause 
of  their  troubles ;  but  that  they  were  insufficient,  in  themselves, 
to  account  for  the  severity  of  the  symptoms  the  evidence  of  our 
own  men  under  different  conditions  of  bodily  health  sufficiently 
proves.  That  their  ulcers  were  similar  to  the  effects  of  scurvy 
they  recognized;  and  that  a  scorbutic  condition  of  the  blood 
played  an  important  part  in  their  production  is  evident.  All 
sailors  in  those  days  were  more  or  less  the  subjects  of  scurvy,  which 
was  a  greater  obstacle  to  the  spread  of  commerce  than  were  the 
small  crafts  of  the  navigators.  It  is  a  disease  that  often  manifests 
itself  in  the  form  of  boils  and  ulcers,  and  it  exaggerates  all  trivial 
bruises  and  injuries  of  the  skin.  If  our  own  sailors  had  been 
scorbutic  when  they  bathed  in  the  water  the  same  train  of  symp- 
toms would  undoubtedly  have  followed ;  and,  as  it  was,  the  skin, 
in  places,  became  considerably  inflamed  and  swollen,  but  the  only 
disagreeable  symptoms  were  the  burning  and  tingling  that  ac- 
companied the  inflammation,  which  was  of  short  duration. 
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iNTBODUOnON. 

Genesis  of  the  Enquiry. 

The  enquiry  into  Malaria  in  the  Assam  Tea  Gardens  of  which  the  follow- 
ing pages  is  the  report  was  the  outcome  of  the  generosity  of  the  Indian  Tea  Asso- 
ciation which  placed  sufficient  funds  at  the  disposal  of  Lt.-Col.  Megaw,  i.m.s.,  as 
Director  of  the  School  of  Tropical  Medicine,  to  enable  the  investigation  to  be 
financed. 

Primarily  the  suggestion  for  it  came  from  Lt.-Col.  McCombie  Young,  I.M.S., 
who  in  his  report  as  Director  of  Public  Health,  Assam,  for  1922  wrote  as  follows  : — 

*  Beyond  these  observations  no  formal  malaria  research  work  has  been  con- 
ducted and  the  most  striking  aspect  of  our  ignorance  of  Assam  maiariology  ia  to  be 
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found  in  the  fact  that  notwithstanding  the  enormous  sums  of  money  invested 
in  the  tea  industry  and  the  size  of  its  labour  force,  the  efficiency  of  which  depends 
very  largely  upon  the  standard  of  health  which  is  maintained  in  it,  no  precise 
scientific  observations  have  been  made  as  to  what  are  the  conditions  which  at 
times  and  in  places  tend  to  produce  an  intensive  prevalence  of  malaria  on  tea 
estates.  It  is  not  beyond  the  bounds  of  probability  that  if  only  a  fraction  of  the 
money  which  is  now  spent  in  the  prophylactic  administration  of  quinine  to  the 
labour  force  were  to  be  spent  in  abolishing  or  limiting  the  breeding  grounds  of 
carrier  mosquitoes  (did  we  but  know  them),  the  expenditure  would  3deld  a  handsome 
return  in  an  increased  efficiency  of  labour  forces.  Since  a  Government  agency 
for  this  investigation  is  not  likely  to  be  available,  one  would  suggest  that  great 
benefit  to  the  province  and  to  the  tea  industry  might  result  if  the  energies  of  the 
Calcutta  School  of  Tropical  Medicine  were  to  be  directed  towards  this  virgin 
field  of  endeavour.  If  the  tea  industry  could  be  convinced  of  the  probable 
advantages  to  be  derived  from  such  enquiry,  the  funds  necessary  for  its  prosecution 
would  in  all  probability  be  readily  available,  and  the  imdertaking  of  such  work 
is  one  of  the  main  objects  for  which  the  Tropical  School  was  founded.  Instead  of 
repeating  at  a  particularly  inopportune  moment,  proposals  for  malaria  research 
to  be  financed  by  Qovemment  revenues,  one  ventures  to  advance  these  proposals 
as  being  more  appropriate  to  present  conditions.' 

Qovemment  of  Assam  accepted  the  recommendation  in  G.R.  2445  E.,  dated 
18th  June  1923,  as  follows  :— 

*  It  is  obvious,  however,  that  more  is  needed  and  the  Government  and  thei^- 
Minister  would  be  glad  if  steps  could  betaken  to  follow  up  the  Director's  su^estion 
that  the  energies  of  the  Calcutta  Tropical  School  of  Medicine  might  be  directed 
to  malaria  research  work  in  Assam,  and  that  the  tea  industry  would  receive  in  the 
increased  efficiency  of  their  labour  force  a  good  return  on  any  money  which  may 
be  allotted  to  the  School  for  such  work.' 

Col.  Megaw  and  the  Indian  Tea  Association  then  simultaneously  took  the 
matter  up  with  the  financial  result  already  stated  and  I  was  detailed  for  the  work, 
the  sequel  showing  that  Col.  McCombie  Young's  demand  for  an  enquiry  was 
justified. 

The  advantages  of  a  mosquito  malaria  survey. 
The  lines  along  which  anti-malarial  work  is  usually  conducted  are  those  com- 
prising what  is  commonly  called  a  mosquito  malaria  survey.  The  advantages  of 
such  are  many  and  I  would  repeat  what  I  stated  on  the  subject  at  the  1925 
Annual  Meeting  of  the  Assam  Branch  of  the  British  Medical  Association. 
What  was  said  cannot  be  repeated  often  enough,  the  gist  of  it  being  accepted  by 
nearly  every  authority  on  the  subject :  but  the  public  lags  behind  ;  it  cannot 
understand  why  any  differential  treatment  should  be  meted  out  to  anophelines  aa 
distinct  from  culicine  mosquitoes,  let  along  a  differential  code  of  etiquette  for  the 
knock-out  of  the  forty  or  so  species  of  anophelines.  '*  While  a  malaria-prevention 
campaign  without  a  previous  survey  can    indeed  be  carried  out  by  employing 
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certain  measuies  which  are  of  general  application,  a    survey  has  at  least  these 
three  advantages ;  it  enables  one  to  : — 

(1)  find  out  if  a  healthy  site  be  available ; 

(2)  localise  in  unhealthy  places  the  areas  in  which    prophylactic  measures 

should  be  adopted ;  and 

(3)  choose  the  most  appropriate  measures  to  deal  with  the  situation." 

"  The  third  item  is  very  important  because  some  anti-malarial  methods  not 
being  of  general  application  might,  if  tried  without  knowing  what  situation  is 
being  dealt  with,  cause  worse  trouble ;  consider,  for  instance,  open  earth-drainage : 
one  drains  a  swamp  and  eradicates  the  species  umbrosus,  and  one  introduces 
maculatus  or  funestus.  In  this  connection  Boyd  says  '  All  anopheline  mosquitoes 
are  not  carriers  of  the  malaria  parasites,  and  gross  variations  with  regard  to  their 
breeding-habits  are  found  among  the  different  species  of  anopheKnes.'  Thus, 
it  often  happens  that  in  a  mosquito-infected  district  where  malaria  is  occurring, 
only  a  small  portion  of  the  total  mosquitoes  are  of  the  carrier  type,  and  these  may 
have  quite  specialised  breeding  habits,  so  that  general  measures  of  mosquito 
destruction  might  miss  them  altogether.  The  first  essential  in  any  district  is. 
therefore,  to  make  a  critical  survey  to  ascertain  what  mosquitoes  are  carrying  the 
parasite  and  what  their  breeding  habits  are ;  after  which,  if  feasible,  steps  speci- 
fically directed  against  the  carrier  species  may  be  undertaken.  To  illustrate  the 
diversity  of  breeding  habits  the  following  instances  may  be  quoted : — Anopheles 
maculipennis,  a  well-known  carrier,  breeds  chiefly  in  swamps  and  marshes  and  does 
not  breed  in  running  water  so  that  it  can  be  attacked  by  draining'  the  swamp. 
Conversely,  A.  maculalus^  which  gave  rise  to  much  trouble  in  the  Federated 
Malay  States,  breeds  in  running  water.  Other  things  being  equal,  therefore,  draining 
by  open  drains  (the  usual  method)  would  not  abolish  but  rather  encourage  the 
breeding  of  this  species.  Yet  another,  A.  stephensiy  is  almost  exclusively  a  well 
breeder  and  can  only  be  countered  by  screening  or  oiling  the  responsible  wells.  It 
can  thus  be  seen  that  haphazard  measures  are  almost  bound  to  involve  a  waste  of 
time  and  money,  and  may  even  render  the  last  state  of  affairs  worse  than  the  first 
by  taking  away  conditions  under  which  harmless  mosquitoes  were  breeding  and 
replacing  them  by  others  suitable  to  the  propagation  of  carrier  species  "    (1924). 

**  On  the  same  subject  Sir  Ronald  Ross  at  a  meeting  of  the  Royal  Society 
of  Tropical  Medicine  (1924)  stated  how  different  species  of  mosquitoes  must  be 
dealt  with  in  different  ways.  He  said  '  We  must  deal  with  each  species  on  its 
merits,'  to  which  dictum  Major  Austen  agreed  and  Dr.  Balfour  and  Major  Austen 
both  were  of  the  opinion  that  it  was  necessary  to  make  careful  biological  investi- 
gations before  starting  upon  any  anti-malarial  campaign ;  while  Watson  (1924) 
said,  '  Let  me  candidly  admit  that  for  some  years  we  cleaned  up  the  ravines  in 
our  hill-land  in  Malaya  making  the  malaria  worse.  We  had  to  adopt  an  entirely 
different  method.  Let  me  remind  you,  too,  that  in  1901  when  the  Federated 
Malay  States  Government  gave  me  the  money  to  clean  up  Klang,  Dr.  Braddon 
applied  for  money  to  clean  Seramban,  a  town  on  the  main  range.  Presumably  he 
would  have  felled  jungle  and  '  trained '  streams,  and  would  have  caused  a  big 
outburst  of  malaria  in,  at  that  time,  a  healthy  town.    Had  that  occurred  I  can 
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imagine  the  progress  of  malaria  prevention  in  the  Federated  Malay  States  would 
have  been  seriously  retarded  as  it  has  been  in  India  by  the  experiment  done  in 
Man  Mir.' » 

"  The  fact  that  Watson  started  to  preach  this  doctrine  of  the  specific  pre- 
vention of  malaria  in  1911  and  that  it  is  still  necessary  in  1925  for  the  Society  of 
Tropical  Medicine  to  reiterate  it  seems  rather  lamentable." 

To  develop  then  the  greatest  advantage  in  malarial  operations,  it  will  have 
been  seen  from  these  remarks  how  important  it  is  to  do  a  survey  previous  to  taking 
any  action  which  otherwise  may  prove  useless  and  certainly  would  be  wasteful. 

Previous  Surveys  in  Assam, 

From  time  to  time  other  surveys  than  that  which  is  the  subject  of  the  present 
paper  have  been  conducted  in  Assam.  Not  all  of  them  have  been  in  tea-garden 
tracts,  but  an  analysis  of  some  of  the  data  collected  by  their  authors  in  conjunction 
with  the  material  collected  in  the  present  survey  has  been  included  in  this  paper 
because  of  the  general  similarity  of  the  terrain  described  with  that  of  the  tea 
gardens. 

The  most  important  of  other  surveys  have  been  those  at  Lumding  Junction 
by  many  Medical  Officers  in  co-operation,  a  report  having  been  published  by 
Lt.-Col.  T.  C.  McCombie  Young,  i.m.s.  (1921) ;  at  Nalbari,  Kamrup  District, 
reported  by  Lt.-Col.  S.  R.  Christophers,  i.m.s.  (1922);  Lt.-Col.  McCombie 
Young,  I.M.S.,  and  Captain  B.  S.  Challam  (1923) ;  at  Pasighat  by  Lt.-Col.  McCombie 
Young,  I.M.S.'  (1921) ;  and  lastly,  at  Doom  Dooma  by  Sir  Malcohn  Watson  (1924). 
The  general  paucity  of  malarial  epidemiological  work  in  Assam  referred  to  above 
by  McCombie  Young  must  be  admitted. 

With  regard  to  India  in  general,  an  estate  medical  officer  writing  to  me  said, 
'  Does  it  not  strike  you  as  most  extraordinary  that  anti-malarial  work  has  been 

so  littie  thought  of  in  India certain  tea-garden   doctors  in  Assam  are  trying 

to  do  things  little  by  little '  and  the  doctor  goes  on  to  cite  an  instance  of  general 
ignorance  in  the  matter  where  a  malarious  though  otherwise  excellent  bungalow 
was  dismantled  rather  than  look  for  breeding-places  of  the  mosquitoes  which  were 
the  cause  of  the  trouble. 

Present  Survey, 
With  a  view  to  obtaining  the  benefits  of  a  survey  as  outlined  above : 

(1)  to  find  if  a  healthy  site  be  available ; 

(2)  to  localise  the  area  in  which  measures  should  be  undertaken ; 

(3)  to  choose  the  most  appropriate  measures  for  each  situation  ; 
we  have  studied  : — 

A.  the  variation  in  the  amount  of  malaria  in  any  given  locality  at  different 
times,  e.g.,  the  seasonal  incidence  of  fever  cases,  {see  Part  III  below). 

B.  the  variation  in    the    amount  of  malaria  in  different    places   correlated 
with  different  features  of  the  land,  such  as  tanks,  streams,  etc.  {see  Part  IV  below). 

But  how  does  one  study  '  the  variations  in  the   amoimt   of  malaria.'     To 
answer  this  a  short  account,  under  the  heading  of  malaria  indices,  of  some  means  of 
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measuring  the  amount  of  malaria  in  a  place  will  now  be  given,  and  this  will  be 
followed  by  notes  on  what  may  possibly  be  imi^ortant  factors  (including  a 
reference  to  the  meteorological  data)  in  the  surroundings. 

Indices  for  the  survey  of  the  amount  of  malaria  in  a  place, 
(a)  The  '  miscarriage  '  index. 

No  figures  for  this  event  m  Assam  were  collected  but  a  series  would  no  doubt 
be  very  instructive.  If  'maternity  benefits'  on  estates  be  widened  in  scope, 
perhaps  such  figures  would  arise. 

'  Immune '  coolies  apparently  {see  Dr.  Murphy  below)  can  show  a  very 
high  birth-rate.  As  malaria  sickness  so  commonly  produces  abortion,  one  must 
assume  that  the  fever  and  not  the  infection  does  so. 


FiQ.  1. — Cooly  ohildren  on  Alinugger  Tea  Estate. 


[Photo  by  Mr,  J.  Reid.] 
About  1,000  hostages  to  malaria. 


(6)  The  birth  index. 

No  data  for  this  index  on  estates  have  been  collated,  {see  in  Part  II 
Dr.  Dodds-Price's  article  on  the  birth-rate  of  certain  estates,  and  also 
Dr.  Murphy's  note  referring  to  a  garden  with  a  very  high  spleen-index  where  the 
birth-rate  was  58  per  mille). 

On  Alinugger  Estate  in  Sylhet  the  experience  was  that  until  in  1917  a  good 
lot  of  presumably  '  immune '  '  jungly '  coolies  from  Ranclii  had  been  put  on  to 
the  Estate,  it  was  unhealthy  and  but  few  children  could  be  raised.  Since  1917 
the  result  is  expressed  in  the  accompanying  photograph  (Fig.  1). 
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(c)  The  infantile  mortality  index. 

This  is  a  very  good  index  of  the  amount  of  endemic  malaria  on  an  estate, 
and  it  ought  not  to  be  difficult  with  a  slight  adaptation  of  the  existing  system  of 
maternity  benefits  to  obtain  very  valuable  records  from  the  point  of  view  of 
malaria  prevention. 

Dr.  Ramsay  is  of  opinion  that  in  Cachar  infantile  convulsions  are  chiefly 
due  to  malaria  and  malaria  is  the  principal  cause  of  the  general  infantile  mortality. 

(d)  The  spleen-index. 

It  seemed  important  to  test  the  point  whether  the  spleen-index  is  subject 
to  seasonal  or  ephemeral  influences,  as  it  is  used  so  often  for  the  comparison 
of  malariousness  in  a  locality  at  different  times. 

In  the  Tea  Gardens  Survey  the  index  was  culled  from  children  from  about 
the  ages  of  2  to  10.  A  note  was  made  as  to  whether  the  children  had  been  bom 
on  the  garden  or  hiad  come  with  their  parents  from  the  recruiting  districts.  It 
would,  of  course,  have  been  absurd  to  ascribe  any  spleen-index  of  a  recruited  commu- 
nity to  the  conditions  prevailing  on  a  garden,  though  one  of  us  (C.  S.)  has  elsewhere 
collected  certain  evidence  to  show  that  after  the  lapse  of  2  years  children  who  come 
to  a  garden  with  enlarged  spleens  lose  or  retain  them  according  to  the  healthiness 
or  otherwise  of  a  garden,  in  other  words  after  a  certain  time  children  from  tlie  country 
have  the  same  spleen-index  as  those  born  on  a  garden. 

This  fact  partly  explains,  what  will  be  shown  hereafter  in  Fart  III,  that  the 
spleen -index  of  either  class  in  a  large  area  taken  at  any  time,  or  alternatively 
that  of  a  small  locality  over  an  extended  period  is  for  all  practical  purposes 
the  same. 

However,  on  tea  gardens  the  locality  was  not  large  enough  nor  was  the  spleen- 
index  in  any  lines  taken  often  enough  to  justify  reliance  being  placed  on  any  figures 
but  the  comparative  data  obtained  in  only  the  garden-born  children. 

In  the  Preliminary  Survey  *  the  spleen  indices  were  nearly  all  taken  by  myself 
or  under  my  immediate  supervision,  (see  Appendix  IA),t  while  in  the  Detailed 
Survey  the  Sub-assistant  in  charge  was  responsible. 

For  the  purpose  of  checking  the  latter,  the  index  in  certain  lines  was  taken 
from  time  to  time  either  by  the  V.  M.  0.  of  the  Estate  or  by  myself,  and  comparisons 
of  the  values  obtained  indicate  that  the  figures  given  in  the  body  of  the  report 
are  not  generally  high  enough  (see  Appendix  IB). 

The  possibility  of  kala-azar  confusing  the  malaria  spleen-index  was  borne  in 
mind  and  some  observations  made  by  Dr.  Dodds-Price  in  collaboration  with  myself 
on  one  of  his  previously  highly  infected  kala-azar  gardens  have  since  been  reported 
(1925).  They  showed  that  unless  anyone  with  an  enlarged  spleen  could  be  at 
sight  diagnosed  as  a  kala-azar  case,  the  condition  could  be  ascribed  to  malaria^ 
and  if  kala-azar  were  diagnosed  the  case  should  be  excluded  from, the  record. 

For  the  whole  of  Assam  the  following  spleen  indices  were  obtained. 


*  See  page  17  under  Means  and  methods. 

t  This  Appendix  like  aU  the  appendices  is  filed  for  reference   in  the  office  of  the  Indian 
Tea  Association,  Calcutta. 
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A.    In  the  Preliminary  Survey  (192S)— 
(see  Appendix  lA). 

15.    In  the  Detailed  Survey  (1924)— 

Tot^l  number  of  all  children  examined  . .  . .  . .        *  16,832 

Number  with  spleen  enlarged  . .  . .  . .  7,352 

Index  .,  ..  ..  ..  ..  ..  43-6% 

Total  number  of  G.  B.  children  only  . .  . .  . .  14,005 

Those  with  enlarged  spleen    . .  . .  . .  . .  6,077 

Index  ..  ..  ..  ..  ..  ..  43-3% 

Total  number  of  imported  children  ..  ..  ..  2,827 

Number  with  spleen  enlarged  ..  ..  ..  1,276 

Index  ..  ..  ..  ..  ..  ..  45-01% 

(e)    The  hcemoglobin  index. 

This  index  was  taken  in  the  same  series  of  children  as  the  parasite  index ; 
Tallquists'  scale  was  used.    The  results  are  shown  in  Part  III. 

if)    The  parasite  index  and  the  species  of  parasite  rate. 

This  was  not  taken  in  the  Preliminary  Survey,  but  during  the  Detailed  Survey 
it  was  arranged  that  it  be  taken  systematically  from  50  children  a  week  giving 
about  5,000  slides  in  the  year. 

During  the  year  the  following  were  the  results : — 

Total  children  examined  (good  films)      . .  .  •  .  •  1,520 

Films  with  parasites  ..  ..  ..  ..  189 

Index  ..  ..  ..  ..  ..  ..  12-4% 

A  too  large  proportion  of  the  films  prepared  in  the  field  were  so  bad  that  they 
could  not  be  examined,  and  delay  in  the  inception  of  the  work  occasioned  further 
loss  in  the  estimated  numbers  to  be  examined. 
{g)   The   malaria  sickness  index. 

This  index  is  no  guide  to  the  malariousness  of  a  garden.  The  garden  may 
show  a  high  spleen- index,  which  always  truly  betrays  the  malariousness  of  a  locality, 
and  yet  the  health  may  be  very  good.  Dr.  R.  Murphy  in  a  letter  says :  *  One 
of  my  healthiest  gardens  has  a  birth-rate  of  58  per  1,000,  deaths  18  per  1,000  and 
a  spleen-index  of  91  per  cent.'  Everyone  knows  that  to  obtain  a  high  sickness 
rate  on  malarious  estates  one  has  only  to  bring  in  a  batch  of  new  coolies  such  as 
'  yellow-bellies  '  or  Paharias  from  non-malarious  localities  and  an  epidemic  among 
them  will  start  immediately. j*  *  Jungly  coolies  like  Oraons,  Mundas,  Santhals 
or  the  old  coolies  of  the  estate  are  *'  particularly  immune  "  and  do  not  get  much 
sickness '     {see  Dr.  Forsyth's  article  in  Part  II). 

♦  Examination  of  30,000  was  contemplated,  but  the  slow  devolopmont  uf  the  operations 
due  to  causes  adverted  to  elsewhere  as  well  as  other  reasons  led  to  the  above  result. 

t  The  importation  of  large  numbers  of  *  unsalted  *  new  coolies,  i.e.,  if  they  are  imported 
from  non-malarial  districts,  means  that  a  large  percentage  die  and  that  the  remainder  more  or 
less  suffer  from  malaria  and  its  effects  until  they  become  acclimatised.  Until  they  become 
*  acclimatised  to  malaria '  these  new  coolies  more  or  letuj  live  on  the  hospitality  of  the  Tea 
Estates  and  hence  in  my  opinion  it  is  much  cheaper  to  look  after  the  established  labour  force 
and  breed  from  '  Immunes '  (Dr.  Ramsay). 
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The  comparative  sicloieBS  incidence  then  between  different  localities,  or 
from  time  to  time  in  one  locality,  is  therefore  no  real  index  as  to  their  comparative 
malariousness. 

But  if  one  takes  these  data  over  sufficiently  wide  areas,  or  over  sufficiently 
long  periods  of  time,  the  fallacies  tend  to  become  submerged. 

Accordingly  in  this  survey  for  the  purposes  of  finding  out  which  months 
are  the  most  or  least  malarious,  in  other  words  to  study  the  monthly  incidence 
of  malaria,  the  average  monthly  incidence  over  at  least  10  years  where  figures 
have  been  available,  were  taken.  In  the  comparative  yearly  figures  which  have 
been  studied  the  error  is  probably  negligible  {see  Appendix  to  Part  III). 

It  is  often  stated  that  a  certain  proportion  of  a  malaria-sickness  rate  is  due 
to  relapses  of  an  infection  perhaps  derived  elsewhere  and  must  not  be  reckoned 
in  considering  the  malariousness  of  a  locality.  The  experience  of  Europeans 
going  home  on  leave  shows  that  this  must  be  true  to  some  extent  but  there  is 
evidence  that  this  factor  is  but  a  small  one  in  the  malarial  sickness  of  Assam. 
If  jungly  coolies  who  are  said  to  be  '  particularly  immune '  to  malaria  come 
to  healthy  non-malarious  gaidens,  they  are  not  instrumental  in  spoiling  the 
reputation  of  such  places  for  non-malariousness  in  spite  of  their  systems  being 
sodden  with  the  infection,  in  other  words  the  sickness  rate  due  to  relapses  is 
economically  negligible.  Moreover,  if  the  cold  weather  is  conducive  to  relapses, 
one  should  not  find  that  the  coldest  months  are  the  least  malarious  as  they  are. 

An  analysis  has  been  made  of  the  spleen-index  as  apposed  to  the  putative 
health  of  certain  estate  cooly  lines,  with  the  result  given  in  Appendix  IC. 

It  will  be  seen  that  in  lines  with  a  reputation  of  being  '  non-malarious  '  or 
*  quite  healthy '  43  per  cent  in  the  Surma  Valley  and  about  70  per  cent  in  the 
Assam  Valley  have  spleen-index  of  21  to  40  per  cent. 

Those  with  a  reputation  of  being  only  '  slightly  malarious  '  had  in  the  Surma 
Valley  a  spleen-index  of  61  to  80  per  cent  in  about  4  per  cent,  and  a  spleen-index 
of  41  to  60  per  cent  in  about  28  per  cent ;  while  in  the  Assam  Valley  they  had  a 
spleen-index  of  61  to  80  per  cent  in  about  9  per  cent,  aiid  a  spleen- index  of  41  to 
60  per  cent  in  about  38  per  cent. 

The  converse  is  also  true,  some  estates  with  a  reputation  of  being  very 
malarious  have  a  comparatively  low  spleen-index. 

Another  factor  of  some  importance  in  introducing  errors  into  the  malaria- 
sickness  rate  lies  in  the  diagnosis.  Malaria  with  its  '  protean  manifestations ' 
is  often  a  difficult  disease  to  diagnose.  Even  the  parasite  in  the  blood  may  only  be 
a  coincident  circumstance.  Other  diseases  may  be  confused  with  it,  e.g.,  kala-azar, 
paratyphoid,  phthisis,  influenza  and  nasal  catarrh,  septicsBmias,  B.  coli  infections. 
It  seems  probable  that  certain  infections  or  illnesses  cause  the  appearance  in  the 
blood  of  the  malaria  parasites  which  would  otherwise  lie  dormant  and  that  the 
symptomatology  is  then  one  of  both  the  exciting  comlition  and  of  malaria,  or  if  as 
sometimes  occurs  the  malarial  element  is  not  prominent,  then  of  the  former  alone. 

The  malaria-sickness  incidence  for  the  whole  of  the  Assam  Government  Hos- 
pitals and  Dispensaries  in  1921  has  been  kindly  given  me  by  Lt.-Col.  Innes,  Offg- 
Inspector-General  of  Civil  Hospitals,  as  3,32,387. 
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(h)    The  mortality  index. 

Deaths  among  coolies  on  separate  estates  are  fortunately  not  sufficiently 
numerous  to  make  this  index  of  much  value.  In  view  of  what  was  said  above 
on  the  difficulty  in  diagnosis  of  malaria,  figures  based  on  the  stated  cause  of  death 
must  be  unreliable. 

Factors  in  the  bnvibonmbnt  of  human  habitations  selected 

for  study. 

(a)     The  Conformation  of  the  Land. 

The  correlation  of  malarial  endemicity  with  the  lie  of  the  land  was  part  of 
our  study. 

The  old  idea,  no  doubt  originally  derived  from  Rome,  was  that  swamps 
were  dangerous  and  living  on  a  tila  safe.  On  the  other  hand  the  conduct  of 
certain  Oriental  races  has  evolved  along  different  lines.  It  therefore  seemed 
advisable  in  a  country  where  there  was  no  prevailing  sentiment  in  the  matter 
to  enquire  into  the  matter  de  novo. 

The  problem  was  difficult.  In  Assam  there  were  rivers  and  streams  and 
streamlets,  paddy-fields,  tea-drains,  wells  (not  tube),  tanks  and  their  overflows, 
suUage  water  from  factories,  bhils  and  j heels,  rivers  dead  and  dying  and  active, 
high-banks,  low-banks,  hills  and  tilas,  kals  and  hulas,  bufialo-wallows,  borrow-pits 
and  ponds.  The  problem  was  to  ascribe  to  each  of  such  elements  in  the  scenery 
its  proper  proportion  of  blame  in  the  ill-health  of  the  gardens.  This  side  of  the 
subject  is  dealt  with  in  Part  IV. 

I  derived  much  help  in  it  from  various  text-books  of  physiography,  Ferguson's 
*  Recent  Changes  in  the  Delta  of  the  Ganges,'  1863,  the  maps  of  the  Survey  of 
India,  sketches  of  the  Estates  kindly  given  me  by  the  Managers,  and  finally  from 
Officers  of  the  Geological  Survey  of  India,  in  Calcutta,  particularly  Dr.  Coggin 
Brown.     To  the  gentlemen  who  have  helped  me  I  am  much  obliged. 

The  physiography  of  the  Assam  tea  gardens  and  the  surrounding  t43rrains 
is  expressed  in  the  following  formula  : — Estates  established  within  the  two  great 
valleys  of  the  Brahmaputra  and  the  Barak  (Surma)  between  which  the  Shillong 
spur  or  the  Khasia-Jaiuti  hills  composed  of  rocks  characteristic  of  Peninsula 
India  intervene.  These  valleys  are  in  the  words  of  Mr.  Coggin  Brown  '  gigantic 
khadar  or  straths,  the  greater  portion  being  h'able  to  flooding  and  consequently 
not  in  a  habitable  state.  There  are,  however,  higher  tracts  here  and  there,  some- 
times mere  mounds,  rising  a  little  above  the  general  level,  and  sometimes  small 
plains  which  may  be  considered  as  representing  the  extensive  bhangar  of  the 
Gangetic  plains,  while  along  the  foot  of  the  hills,  there  are  gravel  deposits  usually 
of  small  extent.' 

The  bhangar  of  Assam  as  far  as  tea-lands  are  concerned  is  represented  by 
the  *  red-banks '  of  Tezpur,  Nowgong,  Lakhimpur  and  parts  of  the  Surma 
Valley,  and  they  form  a  very  important  part  of  these  lands.  Wherever  tea 
can  be  grown,  i.e.,  any  land  which  can  be  drained  deep  enough,  may  be  called 
bhangar. 


Digitized  by 


Google 


XO  REPORT  ON  MALARIA  IN  ASSAM  TSA  OARDRNS. 

The  natural  drainage  system  of  these  great  valleys  exhibits  on  a  great  scale 
all  the  phenomena  of  water  dynamics  and  water  physiography  and  is,  of  course, 
the  most  important  element  in  the  malarial  epidemiology. 

With  but  one  or  two  exceptions  the  gardens  we  investigated  lay  in  relation 
to  the  above  described  conditions  and  we  have  not  included  in  our  consideration 
of  the  subject  anything  dealing  with  the  malaria  of  the  Shillong  hills.  On  the 
other  hand,  a  few  references  to  the  essentially  similar  tracts  of  Bengal  have  been 
made,  following  Fry's  Reports  (1912  and  1914). 

Factors  associated  with  the  conformation  op  the  land. 

(a)  The  masquUoes. 

The  idea  was  to  associate  certain  known  mosquito-carriers  of  malaria  with 

its  incidence,  taking  into  consideration  either  the  relative  seasonal  prevalence 

of  the  adults,  or  the  numbers  of  their  breeding-places  and  their  distances  away 

from  the  focus  of  the  disease. 

Of  the  approximately  40  accepted  Jndo-Malayan  Auophelines,*  15  have  been 
found  in  Assam   (for  list  see  below  in  Part  III),  and  of  these,  because  of  what  is 
known  of   their  activities  elsewhere  {see  Appendix  HID),  6  must  be  on   their 
face-value  suspect.     These  will  be  shortly  considered  here.     They  are  : — 
umbrosus  funestua  *  (=  minimus  -f  listoni) 

jeyporiensis  culicifacies 

aconiius  *  maculatus 

Concerning  them  and  their  activities  I  will  cite  the  remarks  which  I  made  at 
the  Jorhat  meeting  of  the  Assam  Branch  B.  M.  A.,  1925. 

umbrosus.  This  species  was  one  of  those  responsible  for  so  much 
trouble  in  Malaya  before  Watson  showed  how  to  deal  with  it.  We  now  know  it 
is  very  easy  to  tackle  ;  rough  open  earth  drainage  even  through  the  jungle  or  in 
densely-shaded  places,  so  that  by  merely  cutting  down  the  shade  one  becomes 

rid  of  it. 

As  it  can  be  so  harmful,  the  question  arises  as  to  the  place  it  takes  in  the 
malaria   problem  in  Assam. 

I  have  caught  it  in  several  places  in  Assam  jungles,  for  instance,  in  the 
swampy  ground  under  jungle  near  to  Lokra  in  the  Balipara  Frontier  Tract  (Fig.  2), 
and  I  have  no  reason  to  suppose  it  is  not  to  be  found  in  all  similar  situations. 

But  does  it  do  any  harm  ?  I  agree  with  Watson  that  in  gardens  which  aie 
well-cleared,  such  as  in  the  Doom  Dooma  district,  the  species  is  perhaps  of  no 
importance,  nevertheless  it  is  significant  that  of  the  estates  along  the  Dibru  oi 
similar  rivers,  which  he  mentions  as  being  so  malarious,  some  are  opposite  the 
Dibru  Forest  Reserve.  The  evidence  of  the  seasonal  incidence  of  malaria  in 
the  gardens  is  also  compatible  with  this  being  at  least  partly  due  to  umbrosus, 
for,  being  a  swamp  breeder,  it  is  probably  much  increased  in  numbers  during  the 
rains,  when  malaria  is  also  more  prevalent. 

*  Part  of  the  ABsam  Valley  is  olassed  by  ZoologistB  as  Malayan  in  its  fauna. 
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At  Pasighat,  which  Lt.-Col.  McCombie  Young,  i.m.s.,  surveyed,  umbrosm 
was  not  incriminated,  but  I  am  inclined  to  think  on  reading  his  description 
of  the  terrain  that  umbrosus  may  have  been  partly  to  blame.  It  seems  to  me 
significant  that  great  improvement  in  health  followed  cutting  down  a  belt  of 
jungle  300  yards  from  the  lines. 

Then  one  must  note  that  at  Lumding  Junction,' where  all  anophelines  except 
some  breeding  in  the  bed  of  a  river  have  been  got  rid  of  and  the  spleen -index 
reduced  from  about  80  to  30  per  cent,  a  community  of  sweepers  living  near 
the  jungle  boundry  still  have  a  high  malaria  rate,  and  a  splenic  index  of  about  90, 
so  Dr.  Leitch  tells  me.* 

As  a  final  point  I  would  cite  the  ill  reputation  for  *  fever  '  that  the  Nambur 
Forest  has  for  officers  on  tour. 


Fio.  2. — In  the  swampy  ground  under  jungle  near  to  Lokra. 

In  general  I  would  give  my  opinion  that  any  undrained  jungle  in  relation 
to  tea  gardens  should  be  considered  dangerous  until  it  has  been  proved  not 
to  be  so. 

A.  maculaius,  McCombie  Young  in  his  Pasighat  Survey  determined  that 
maculatus  was  the  cause  of  most,  if  not  all,  of  the  trouble.  At  Lumding,  where 
it  was  found  breeding  in  the  sandy  bed  of  the  considerable  river,  the  Horn  Langpher 
(Fig.  2),  it  was  not  incriminated  to  the  same  extent  by  James,  Young  and  Fry  ; 
and  as  subsequent  anti-malarial  measures  seem  to  have  eradicated  the  other 
species,  one  may  conclude  that  maculatus,  which  still  breeds  in  the  bed  of  the 
river,  is  probably  responsible  for  the  spleen -index  of  about  30  per  cent,  which 
persists.    I  am  indebted  to  Drs.    Weldon  and  Leitch  for  my  data. 

*  But  Dr.  Lees,  I  believe,  dissents  from  this  opinion. 
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Challam  at  Nalbari,  in  1920,  found  no  maculatus  ;  in  1921,  during  October 
and  November,  a  few ;  and  in  1922,  after  April,  some  more.  He  concluded, 
nevertheless,  that  they  were  not  the  source  of  much  malaria,  in  which  view 
McCombie  Young  concurred.  On  the  other  hand,  maculatus  was  one  of  the 
species  which  Watson  considered  to  be  a  dangerous  factor  in  the  Doom 
Dooma  gardens.    He  found  it  abundantly  in  January. 

In  general,  McCombie  Young  (1924)  states  maculatus  to  be  a  most  potent 
vector  in  certain  parts  of  the  plains  of  Assam. 

I  did  not  find  maculatus  myself  very  often,  only  17  times  out  of  a  total  of 
2,771  catches  of  all  species,  and  of  those  most  were  found  in  hill-side  streanw 
where  one  would  expect  the  species;  however,  the  paucity  of  my  catch  is  not 
surprising  when  one  considers  the  general  lack  of  suitable  breeding  places  for 
it  in  most  tea  gardens. 


m 


Fig.  3. — Breeding  in  pools  in  the  beds  of  big  rivers  like  the  Brahmaputr.i. 

A,  maculatfis  is  essentially  a  stream  breeder  (Fig.  3)  or  a  drain  breeder,  so 
that  where  drains  hold  spring  water  they  may  be  dangerous ;  it  is  not  a  swamp 
breeder.  Watson  says,  *  A,  maculatus  lives  in  the  purest  water,  so  it  is  found 
in  hill  streams,  springs  at  the  foot  of  the  hills  and  banks,  and  in  bhils.  It  is  never 
found  out  in  large  flat  pathars  (rice-ficlds)  away  from  hills,  but  in  narrow  valleys 
in  the  hills ;  it  may  be  found  in  the  small  pottahs  or  areas  which  are  irrigated  by 
clean  water.  It  is  highly  sensitive  to  pollution,  or  its  food  is,  for  even  daily 
washing  of  clothes  at  the  head  of  a  small  valley  will  drive  the  insect  from  the  main 
stream* 

With  legard  to  Watson's  conclusion  that  the  species  must  be  regarded  as  one  of 
the  chief  causes  of  malaria  in  the  Doom  Dooma  gardens,  it  must  be  remembered 
that  he  found  it  in  the  mouths  of  January  to  March,  and  as  this  is  not  the  malaria 
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season  its  connection  with  maculalus  was  not  thereby  proved.  No  observer  has  yet 
reported  it  during  the  malaria  season. 

Watson  says,  and  I  agree,  that  the  species  is  to  be  found  breeding  in  pools 
b  the  beds  of  big  rivers  like  the  Brahmaputra  (Fig.  3),  but  that  '  big  rivers 
as  a  rule  are  not  associated  with  malaria/  which  proves  that  the  mere  fact 
of  finding  maculatus  in  any  place  is  not  evidence  of  any  connection  with 
malaria  there. 

The  species  having  such  a  liking  for  seepage  water  is  an  additional  argument 
against  it  being  very  prevalent  in  Assam  or  causing  much  trouble,  for  the  land 
is  generally  low-lying  and  there  is  not  much  seepage ;  what  there  is  will  be 
foand  where  the  land  is  more  hilly  as  in  Cachar  (Fig.  17).  In  such  places,  in 
my  opinion,  it  is  more  likely  that  maculatus  is  doing  hann,  although  I  found  no 
direct  evidence  of  it. 


Fio.  .4. — Found  in  pools  in  the  bed  of  the  big  river. 

A,  culicifacies.  This  species  has  been  reported  in  the  Nalbari  and  in  the 
Lumding  Survey.  At  Nalbari  it  was  found  in  June,  breeding  scantily  in  rain  pools 
in  paddy-fields,  but  not  much  importance  was  ascribed  to  it.  At  Lumding  it 
was  found  by  Weldon  in  large  numbers  in  a  tank  as  well  as  in  pools  in  the  Led 
of  the  big  river  (Fig.  4)  and  much  of  the  malaria  was  jJut  down  to  it.  Unfortu- 
nately the  season  during  which  it  was  found  breeding  was  not  mentioned. 

Watson  caught  none  of  the  species  but  in  his  conclusion  thinks  that  perhaps 
it  is  of  some  importance. 

Likewise,  during  my  three  months  '  preliminary  survey  of  the  tea  gardens  in 
1923,  I  found  none.    However,  there  is  no  inherent  improbability  that  cuUcifacks 
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is  a  factor  in  tea-garden  malaria.  Watson  and  I  caught  none  becanse  we 
tried  at  the  wrong  season  (October  to  March).  The  species  is  a  pool  breeder  like 
umbrosusy  so  it  should  be  looked  for  at  the  advent  of  the  rains  when  the  malaria 
season  is  starting.  It  is  a  clean-water  breeder ;  seepage  or  fresh-water  pools  in 
the  beds  of  streams  or  drains  in  the  uplands  or  where  subsoil  drainage  is  good  are 
its  natural  habitat.  It  would  not  be  found  on  low-lying  lands  like  the  jxUhar 
level,  hence  a  place  like  Dibrugarh  is  not  malarious.  Drainage  eradicates  it  as 
it  cannot  breed  in  running  water. 

A.  jeypofiensu.  This  species,  in  the  light  of  our  present  knowledge,  need 
not  be  seriously  considered. 

I  only  found  it  on  one  occasion  in  South  Sylhet ;  Dr.  Meek  has  since  sent 
(from  Cachar)  a  number  of  specimens  caught  in  August,  but  as  no  one  during 
the  previous  surveys  has  reported  it,  it  cannot  be  of  any  great  epidemiological 
importance. 

A,  funestus  {minimus)  and  A.  aconitus,  I  will  deal  with  these  two  species 
together  as  tliey  are  closely  related.  It  is  not  usual  to  find  them  on  the 
pathar  level  ;  their  habitat  lies  in  streamlets  of  running  water  edged  with 
grass  (Figs.  5  to  7).  The  larvao  have  the  thorax  particularly  well  developed, 
which  enables  one  to  distinguish  them  from  most  other  anophelines  with  the 
naked  eye.  Watson  says  they  are  found  in  the  clearest  water,  e.g.,  'in  the 
bhils.' 

McCombie  Young  in  the  Lumding  Survey  and  CJhallam  and  McCombie  Young 
at  Nalbari  decided  that  in  these  jA&ces  funestus  was  the  chief  carrier,  while  Watson 
in  Doom  Dooma  concluded  that  it  was  of  the  greatest  danger  to  the  tea  gardens ; 
he  found  it  in  abundance  and  of  adult  anophelines  caught  in  houses,  45  per  cent 
were  of  this  species. 

I  found  136  breeding-places  out  of  1,730  during  September  to  November 
1923,  unihfoms  being  the  next  among  the  malaria-carriers  with  29.  The  species 
was  not  found  in  comparatively  non-malarious  localities. 

It  is  generally  agreed  then  that  this  is  an  enemy  of  the  first  importance  which 
is  equivalent  to  saying  that  the  streams  and  irrigating  channels  of  the  rice-fields 
are  culpable  (Fig.  12). 

Conclusions  regarding  tJie  relative  importance  of  the  species. 

Of  the  known  malaria-carriers  which  occur  in  Assam,  I  have  concluded  then 
that  funestus  and  aconitus,  represented  in  the  paddy-fields,  are  very  dangerous ; 
that  probably  during  the  rains  culicifacies  breeding  in  pools  of  pure  water  is  also 
of  danger ;  that  maculalus  breeding  in  spring  water  cannot  on  present  evidence 
be  incriminated  with  doing  much  harm  ;  that  umbrosus  lurks  in  all  undrained 
jungle  which  should  be  viewed  with  great  suspicion  ;  and  that  jeyporiensis  takes 
no  important  part  in  the  causation  of  the  disease. 

In  connection  with  the  laboratory  technique  involved  in  the  mosquito  survey, 
it  must  be  noted  that  by  far  the  largest  proportion  of  the  identifications  made 
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Plate  H. 


A,  jeyporiensis. 
Note  the  small  spots  on  the  hind  legs  and  the  two  small  spots  on  the  inner 
third  of  the  wing  costa. 
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Plate  III. 


A,  funestue  $ . 
Note  the  lack  of  a  pale  spot  on  the  wing  fringe  opposite  the  sixth  vein* 
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were  from  the  larvse,  and  at  this  stage  diagnosis  cannot  be  always  made  between 
two  or  more  species,  especially  during  the  early  instars ;  e.g.,  unUmori  and  maculalxAS 
and  karwoH :  or  diagnosis  may  depend  on  very  fine  points  not  always  easy  to  make 
out,  thus  in  jamesi  and  fuUginosus,  or  in  culidfades  and  rossi.  On  the  other 
hand  while  one  may  be  able  to  diagnose  the  larvsB  of  two  species,  e.g.,  vagus  and 
rossiy  one  may  not  be  able  to  do  so  in  the  adult  state,  e.g.,  vagu8di.TArossi  males. 
One  may  therefore  lump  the  findings  of  certain  species  together,  rather  than 
submit  them  under  specific  headings.     For  example,  instead  of  this  list : — 


vagus  F.     .. 

..     10 

rosH    F.    .. 

.     11 

vo/gus  or   rosH 

M.      .. 

.     24 

vagus  larva 

.     10 

roesi  larva 

3 

eulicifacies  • 

F.      .. 

1 

ctUicifacies 

M.      .. 

4 

One  might  say  vagus,  rossi  or  eulicifacies  63,  and  then  specify  the  numbers  of 
those  which  had  been  certainly  diagnosed. 

Finer  diagnosis  can  be  effected  by  hatching  out  the  adult  from  the  larva  and 
examining  both  the  larval  skin  and  the  adult,  but  this  adds  to  the  labour  enormously. 

The  following  is  the  list  of  mosquitoes  caught  as  larvae  during  the  Preliminary 
(1923)  Survey  :— 


Species. 


jamesi  or  fuliginosus 

jamesi 

fuliginosus 

barfnroslriM 

sineiMts    . . 

vagus 

sinensis  or  barbirostris 

JuneMus   . . 

ttsnelatvs  or  kochi 

kochi 

tesselatus  . . 

leueasphifrus 

aeoniius   . . 

umbrosus 

maculatus  or  karwari 

maadatfis 

kancari    . . 

aiikeni 

undiagnosable 

nndiagnoBed 


rv». 

Adult. 

Adult. 

Total. 

F. 

M. 

339 

:;} 

. . 

387 

, , 

20 

247 

41 

40 

334 

273 

22 

30 

325 

21S 

13 

42 

273 

136 

, , 

135 

78 

5 

19 

102 

62 

, , 

, , 

, , 

. , 

8 

12j 

, , 

, , 

2 

89 

2 

2 

1. 

33 

1 

•  • 

34 

25 

2 

2 

29 

13 
2 

•• 

::i 
..J 

17 

•  • 

2 

4 

. , 

. , 

4 

34 

•• 

» • 

•• 

11 

1.774 


The    following    were    the  specific    breeding-places  found   during   the   1924 
survey : — 
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Number 
Species.  uneqaiTOcally 

diagnoeiKiL 

hyrcanus  {Hnensis)       ^  r  792 

with  r  "  **  **  **        ^*^^     \ 

bnrbirostris  J  I  215 


} 

\ 
] 
\ 
} 


with 
ctUicifacies  >  ••  ••  ••  -•  452 

and 
rossi 

fuiiginosus 

with 
jamesi 

aconifui 

with  J.  ..  ••  ••  ...  61 

funesifia  ( — minimus) 

kochi 

with  \  ••  ••  ••  .•  46 

tesftelatus 

macuUUus 

with 
tciUmori  * 

and 
karwari 


Total  . .       2,049 


In  the  matter  of  the  distance  of  the  breeding-places  of  anophelines  from  sites 
of  habitations  we  aimed  at  mapping  out  an  area  extending  to  about  a  half  mile 
around  them.  Watson  (1911)  had  shown  that  breeding-places  of  a  strong  flier 
like  umbrosus  were  economically  of  but  little  importance  over  a  quarter  mile  away. 

No  systematic  search  in  this  survey  was  made  for  adult  anophelines  but  a 
few  were  caught  as  occasion  arose.  The  species  of  mosquitoes  that  gain  access  to 
human  habitations  in  various  localities  is,  however,  an  important  point.  There 
are  many  checks  to  the  mosquito  between  its  breeding-place  and  its  human  prey. 

{b)  The  seasons. 

An  attempt  was  made  to  correlate  health  (or  lack  of  it)  with  the  seasons  and 
associated  factors  («ee  Part  III). 

The  data  in  this  study  were  obtained  from  tlie  Meteorological  Department, 
which  kindly  supplied  all  those  applicable  to  the  localities  worked  in. 

The  average  rainfall  for  all  the  stations  of  Assam  for  10  years  was  112-26 
inches.  The  average  daily  maximum  temperature  84*8  per  cent  and  the  average 
minimum  666  per  cent. 

*  Has  never  been  certainly  found  in  Adsam. 
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Conditions  associated  with  the  seasons. 

The  only  data  collected  under  this  head  were  the  anopheline  species  and  the 
relative  number  of  specific  anopheline  breeding-places.  With  regard  to  recording 
the  latter  the  human  equation  must  be  allowed  for.  During  the  rains  or  very 
hot  weather  it  is  obvious  that  larva-collecting  will  not  be  so  ardent  as  during 
fine  cold  weather. 

It  would  have  been  interesting  and  important  to  have  caught  systematically 
the  adult  anophelines  in  human  habitations  and  dissected  them  to  determine  their 
relative  rate  of  infectivity  during  the  seasons.  This  work,  however,  would  have 
absorbed  a  great  deal  more  labour  than  we  had  available,  and  while  the  results 
might  have  been  very  valuable  in  assessing  the  relative  importance  of  the  mosquito 
species,  it  was  thought  better  to  proceed  on  the  assumption  of  '  Once  a  carrier 
always  a  carrier '  and  to  devote  the  available  time  to  the  other  sides  of  the  survey. 

Means  and  Methods. 
The  data  for  our  survey  was  collected  in  two  parts,  first  during  a  preliminary 
reconnaissance  by  myself  from  September  to  December  in  1923  and  then,  specially 
from  the  seasonal  point  of  view  over  the  whole  of  192i,  this  detailed  survey  being 
in  the  field  in  the  charge  of  Dr.  E.  L.  Chowdhury. 

Staff  and  Organisation. 

In  the  Preliminary  Survey  it  waB  the  intention  to  train  on  the  staff  in  the 
duties  necessary  for  the  collection  and  record  of  the  data  during  the  year's  detailed 
work  that  was  to  follow.  Dr.  K.  K  Chowdhury,  m.b.,  d.p.h.,  was  appointed  as 
Chief  Assistant,  but  it  was  found  difficult  to  get  men  of  sufficient  intelligence  to  take 
much  interest  in  the  district  field-work,  and  constant  changes  had  to  be  made  with 
the  result,  that  at  the  end  of  the  first  lap  the  only  survivor  among  those  who 
had  been  recruited  and  trained  declared  his  inability  to  stand  the  hardships  any 
longer.  Nevertheless,  ^ith  the  assistance  of  Dr.  Chowdhury,  the  temporary  help 
of  the  above-mentioned  sub-assistant  surgeons,  a  laboratory  assistant,  a  clerk, 
and  a  batch  of  Paharias  for  the  field-work,  I  managed  to  collect  and  record  a 
good  volume  of  data,  which  was  the  subject  of  the  Preliminary  Eeport  already 
referred  to. 

In  the  detailed  survey  which  followed,  Dr.  Chowdhury  started  afresh  to  train 
on  as  rapidly  as  possible  a  batch  of  new  sub-assistants.  It  was  arranged  that 
there  should  be  three  of  these,  one  for  Lakhimpur  and  Sibsagar  Districts,  one  for 
Darrang  and  Nowgong,  and  one  for  the  Surma  Valley.  However,  when  the  gentleman 
in  Darrang  strongly  objected  to  the  Mangaldai  bears  and  found  it  more  convenient 
to  travel  to  his  work  on  the  gardens  by  train  from  the  Civil  Station  at  Tezpur,  I 
gave  him  and  the  local  scheme  up  in  disgust  and  confined  the  work  to  the  other 
districts. 

A  monthly  type-written  formula  for  collection  of  the  data  was    laid  down 

and  issued  to  the  supervising  officer  and  each  field-assistant;  but  the  output, 

although  large  (as  will  be  seen  in  the  body  of  the  report),  was  but  a  fraction  of 

that  ordered,  and  I  have  come  to  the  inexorable  conclusion  that  the  type  of  man 

8,  AR  2 
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whom  we  recruited,  however  capable  medical  man  he  may  be,  is  of  no  uae  foi 
sort  o{  work,  and  another  tjpe  will  hare  to  be  found. 

At  the  conclusion  of  the  field-work  Dr.  K.  L.  Chowdhury  and  aubeeqm 
*Dr.  J.  B.  Mukherji  were  engaged  to  assist  me  in  compiling  tables  from  n 
this  report  issues,  and  they  have  done  this  very  efficiently. 

Acknowledgments. 

I  owe  a  great  deal  to  Lt.-Col.  Megaw  for  his  sympathetic  administn 
of  the  scheme,  also  the  officers  of  the  Indian  Tea  Association,  in  Calcutta 
in  Assam,  and  the  Executive  Stafb  of  the  gardens,  who  gave  all  poe 
assistance. 

I  also  ted  that  my  gratitude  cannot  be  adequately  expressed  to  the  Me 
Officers  of  the  Estates  for  their  ready  acceptance  of  the  spirit  of  the  investig] 
and  for  the  great  help  given  to  me  and  my  staff  in  obtaining  the  data  which 
required  ;  my  own  part  really  has  only  been  that  of  collecting  and  forwarding  i 
for  their  parcels  of  wisdom.  Indeed,  believing  it  would  be  of  great  interest 
value,  I  have  persuaded  Drs.  Dodds-Pric^,  C.  E.  P.  Forsyth,  D.  P.  Williams,  I 
Smith,  and  Murphy,  to  contribute  in  Part  II  of  this  report  their  several  p 
of  view  as  representative  of  the  opinion  in  the  more  important  districts  oi 
Estates  Doctors.  I  am  specially  indebted  to  these  colleagues  for  the  trc 
they  have  taken  in  the  matter. 

And  not  only  to  the  above  gentlemen  must  I  return  my  thanks  but  ak 
the  Assam  Government  and  to  many  of  its  officers,  both  civil  and  medical 

In  the  sequel  the  obligations  due  to  all  and  each  will  be  more  particu 
acknowledged.*  Apologies  are  due  to  those  whose  namea  have  inadvertently 
wrongly  spelt.  . 

[  In  the  original  report  the  three  appendices  mentioned  in  the  Table  of  Codi 
were  here  attached,  but  are  now  filed  for  reference  in  the  office  of  the  L  I 
Calcutta.] 

*The  names  cf  the  doctors  to  whom  I  am  bo  specially  indebted  for  glyinj 
their  valuable  time  in  order  to  ehow  me  their  estates  are  as  follows : — Ihrs.  F»I 
C.  E.  P.  Forsyth,  J.  Dodds-Price,  G.  E.  C.  Ramsay,  D.  Gibson,  Hugh  Smith, 
R.  A.  Murphy. 
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Chapter  L 

NOTES  ON  MALARIA  ON  THE  TEA  ESTATES  OF  THE 
NOWGONG  DISTRICT,  ASSAM. 

By 

J.  DODDS-PRICE,  M.R.C.S..  L.R.C.P., 
Medical  Officer  to  the  Salana  Tea  Co,,  Ltd. 

It  must  be  clearly  understood  at  the  outset  that  these  lew  notes  on  malaria 
are  not  the  outcome  of  a  special  study  of  the  disease.  A  year  after  1  came  to  the 
district,  kalarazar  had  obtained  a  very  finn  footing  on  most  of  the  tea  estates 
under  my  care,  and  from  then  on,  for  several  years,  my  time  was  almost  solely 
occupied  in  fighting  this  disease.  It  was  recognised  that  kala-azar  was  a  distinct 
condition,  and  this  opinion  was  finnly  maintained  in  spite  of  adverse  criti(dsin 
from  various  quarters.    It  had  appeared  to  me  to  be  a  soil  infection.    By  ta]dn|^ 

(     19     ) 
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the  splenic  index  on  several  of  the  estates  under  my  care  after  kala-azar  had 
been  stamped  out  of  them,  and  by  examining  blood  slides  from  the  children  with 
enlarged  spleens,  malaria  parasites  were  found  in  about  80  per  cent  of  the  cases. 
On  estates  where  kala-azar  was  stiU  much  in  evidence,  the  malarial  figures  were 
practically  the  same.  These  figures  were  confirmed  by  Captain  S.  P.  James,  in 
1904,  and  it  is  my  considered  opinion  that  malaria  is  no  more  prevalent  on 
estates  where  kala-azar  has  raged  or  is  still  present,  than  on  estates  free  from  this 
disease. 

Certain  epidemics  do,  I  think,  afiect  the  malaria  incidence,  and  it  was  noted 
on  two  estates  severely  affected  by  influenza  during  the  hot  dry  months  ±hat 
during  the  following  rainy  season  the  admission  rate  from  malaria  was  much  higher 
than  in  previous  years. 

The  most  malarious  period  on  tea  estates  in  the  Nowgong  District  is  from 
the  end  of  July  to  the  end  of  October.  It  varies  in  intensity  from  year  to  year 
and  is  usually  more  severe  if  the  rains  are  excessive  than  with  a  scanty  rainfall 
In  this  connection  it  may  be  pointed  out  that  in  August  1923  some  of  the  estates 
had  less  than  a  quarter  of  their  normal  rainfall,  barely  five  inches  falling  on  the 
estates  in  the  centre  of  the  district.  On  these  estates  the  incidence  of  malaria 
did  not  attain  its' full  force  xmtil  September  which  was  a  wet  month  and  admissions 
under  malaria  rapidly  went  up. 

Estates  which  suffer  severely  from  malaria  during  the  rainy  season  show  a 
much  larger  proportion  of  malaria  cases  during  the  cold  weather  months  than  on 
estates  where  malaria  is  less  severe  and  where  admissions  during  the  rainy  season 
are  fewer. 

These  more  malarious  estates  are  intersected  by  deep  '  hoolahs '  which  it  is 
not  possible  to  cultivate  and  which  are  overgrown  with  jungle  and  full  of  water* 
during  tha  most  trying  period  of  the  year.  Estates  surrounded  by  open  country 
with  large  stretches  of  paddy  cultivation  in  the  immediate  vicinity  usually  show 
a  much  smaller  admission  rate  from  malaria,  and  the  general  health  of  the  coolies 
is  much  better. 

General  lack  of  conservation  adds  to  the  malarial  incidence,  and  it  has  often 
been  pointed  out  to  estates  managers  that  it  is  quite  futile  to  go  in  for  an  elaborate 
cleaning-out  of  drains  during  the  cold  season  unless  these  drains  are  kept  open 
and  clean  during  the  time  of  year  they  ate  most  required.  Twenty  years  ago 
there  was  a  large  proportion  of  '  jungly '  coolies  on  most  estates  in  this  district, 
and  yet  the  health  of  the  coolies  was  not  so  good  as  it  is  at  the  present  time,  in  spite 
of  the  fact  that  the  class  of  coolie  is  now  inferior  from  a  working  point  of  view 
and  kala-azar  Ls  to  be  found  in  most  estates.  The  improved  health  is  due  to  the 
better  conditions  under  which  the  coolie  lives  on  all  the  estates,  for  owing  to  the 
severe  epidemic  of  kala-azar  that  swept  through  the  district  the  old  lines  were 
completely  destroyed  and  fresh  lines  provided  on  healthier  sites  as  far  as  possible, 
and  more  attention  paid  to  drainage  and  sanitation. 

♦  Stagnant  or  otberwise.    In   some  of  thcRe  *  hoolahs  '  in  the  vicinity  of  a  river  (stream) 
tike  water  rises  and  falls  with  the  stream  water. 
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W(B  have  never  gone  In  for  elaborate  coolie  houses,  and  the  type  in  my  opinion 
matters  but  little,  provided  the  houses  are  well  raised  and  the  floors  in  consequence 
always  dry.  Galvanized  iron  roob  have  largely  superseded  thatched  roofs  and 
angle  iron  for  poets  and  beams  is  economical  in  the  long  run  and  does  not  harbour 
*'  live-stock '.  But  all  things  being  equal,  the  estate  that  has  the  largest  labour 
force  per  acre  is  the  estate  that  keeps  the  healthiest.  If  the  coolies  are  able,  during 
the  busiest  months,  which  are  also  the  most  malarious,  to  take  an  occasional  day 
oft  in  addition  to  the  usual  leave  day,  they  keep  better  health  than  those  on  an 
estate  where  labour  is  scarce  and  work  has  to  be  carried  on  at  high  pressure. 
Estates  surrounded  by  paddy  land  which  the  management  is  able  to  hand 
over  to  the  coolies  for  purposes  of  cultivation  have  usually  the  lowest  sick 
rates,  are  the  most  contented,  and  show  the  lowest  malarial  rate,  and  the  smallest 
sick  list. 

Cold  wet  weather  sends  up  the  malaria  rate.  Coolies  can  stand  repeated 
soakings  while  at  work,  provided  the  temperature  remains  high,  but  a  drop  in 
temperature  due  to  continuous  heavy  rain  always  increases  the  admissions  from 
malaria. 

It  is  many  years  now  since  newly  imported  coolies  came  up  in  such  numbers 
to  any  estate  in  Nowgong  to  enable  one  to  express  an  opinion  as  to  the  e£[ect  on  the 
malarial  incidence.  In  1918,  coolies  from  famine -stricken  districts  trekked  up 
to  the  tea  estates  of  Assam  literally  in  thousands,  but  any  figures  one  might  have 
accumulated  on  the  malarial  incidence  would  have  been  completely  stultified  by 
the  fact  that  the  pandemic  of  influenza  was  raging  at  the  time.  Most  estates  were 
suffering  badly,  on  many  over  70  per  cent  of  the  labour  force  was  attacked, 
and  the  arrival  at  frequent  intervals  of  half-starved  immigrants  did  not  help 
matters. 

Estates  that  suffer  considerably  from  malaria  in  addition  to  showing  a  higher 
death-rate  have  a  much  smaller  birth-rate,  not  that  the  women  do  not  become 
pregnant  but  because  of  a  higher  proportion  of  abortions  and  miscarriages,  which 
are  only  exceptionally  due  to  the  use  of  abortifacients. 

When  coolies  came  up  to  Assam  imder  a  Penal  Act,  one  of  the  laws 
laid  down  by  Government  was  to  the  effect  that  pregnant  women  were  to 
be  given  one  month's  leave  before  child-birth  and  one  month  after  the  child 
was  born.  This  did  not  meet  with  my  approval  at  all ;  a  healthy  pregnant 
coolie  woman  requires  practically  no  leave  before  child-birth.  If  she  is  not 
fit,  let  her  have  sick  leave,  and  on  big  estates  she  is  lost  sight  of  and  the 
next  thing  one  hears  is  that  she  has  had  her  child,  but  it  is  dead.  After  child- 
birth I  insist  upon  at  least  4  months'  leave,  not  only  for  the  woman's  sake 
but  for  the  sake  of  her  infant  and  on  the  majority  of  my  estates  the  women 
on  confinement-leave  appear  before  me  once  a  week  and  the  infants  are 
inspected.  Bonuses  are  also  given  at  the  end  of  a  few  months  to  women 
whose  infants  have  been  well  cared  for.  The  following  comparative  figures 
may  prove  of  interest.  They  are  taken  from  four  estates,  all  with  a  population  of 
between  1,500  and  1,600  souls.  Two  of  the  estates  are  unhealthy  from  a  malarial 
point  of  view,  intersected  with  deep  '  hoolahs  *  and  in  the  vicinity  of  much  forest 
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aad  jungle,  and  two  decidedly  healthier  in  opeA  Country  with  maeh  paddy  land 
under  cultivation. 

Unkedlihif    Estates, 
Daring  the  years  1921,  1922  and  1923. 

No.    1.    There  were  137  deaths  from  all  causes 

„  „  06  births 

No.  n.    There  were  76  deaths  from  all  causes 

„  „  69  births 

Heallhy  EetcUes. 
No.    I.    There  were    40  deaths  h'om  all  causes 

„  „    112  births 

No.  II.    There  were    63  deaths  from  all  causes 

^  »,     lis  births 

It  will  be  obeerved  that  on  unhealthy  estates  the  deaths  far  out-number 
the  births ;  on  healthy  estates  the  births  on  the  other  hand  greatly  exceed  the 
deaths. 

The  question  of  quinine  prophylaxis  in  combating  malaria  is,  I  believe,  a  very 
vexed  one.  I  tried  it  on  two  large  estates  which  had  very  big  admissions  from 
malaria  and  the  results  appeared  to  me  to  be  decidedly  encouraging.  To  be 
successful  it  must  be  done  thoroughly  and  with  the  co-operation  of  the  management. 
It  cannot  be  left  to  the  Doctor  Babu.  The  plan  adopted  was  to  administer  a  daily 
dose  of  5  grains  to  the  entire  labour  force  from  May  to  October  I5th.  Either  the 
manager  or  an  assistant  was  present  at  the  morning  muster  and  no  shirking  w&s 
permitted. 

In  the  Duars  black-water  fever  among  Europeans  was  so  bad  a  few  years 
ago  that  a  commission  was  appointed  to  enquire  into  the  question.  Among  the 
findings  it  was  advised  that  a  daily  dose  of  5  grains  quinine  hydrochloride  be  taken 
every  day  from  January  1st  to  December  Slst.  I  paid  a  visit  later  to  Dr.  William 
Brown  who  had  then  practised  in  the  Duars  for  over  20  years  and  he  was  con- 
vinced that  this  daily  dose  of  quinine  had  helped  to  check  attacks  of  black- water 
fever  in  a  most  remarkable  degree.  No  repeated  attacks  of  malaria,  no  black- 
water  fever. 

When  officiating  as  Civil  Surgeon  of  the  Nowgong  District,  1916 — 1920,  quinine 
prophylaxis  was  carried  out  in  the  Nowgong  Jail  from  May  1st  to  October  Slst. 
In  the  adjoining  Police  Lines  no  such  measures  were  adopted  and  the  result  was 
most  striking.  Admissions  to  the  Police  Hospital  from  malaria  were  of  frequent 
occurrence.    In  the  Jail  admissions  were  very  few. 

Recently,  for  2  years,  quinine  prophylaxis  was  stopped  in  the  Nowgong  Jail 
and  the  malarial  admissions  immediately  went  up.  Prophylactic  treatment 
wa«  consequently  started  again  with  very  favourable  residts.  Five-grain  doses 
in  solution  were  give^^  every  morning. 
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In  the  Nowgong  District  the  coolies  from  Chota-Nagpur  keep  the  best  health, 
i.e.,  Santals,  Oraons,  and  Mirndas ;  Bhumij,  Kumars  and  Lobars  also  do  well. 
Coolies  from  the  Lower  Central  Provinces,  Bilaspore,  usually  keep  very  fair  health, 
but  the  castes  should  be  carefully  selected — Goala  (Ahir),  Chamars  and  the  like 
being  unsuitable.  United  Provinces  people  are  most  undesirable  and  should  never 
be  recruited.  It  is  also  most  unwise  to  import  people  to  labour  on  the  tea  estates 
of  Assam  unless  rice  is  their  stable  article  of  diet 
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.    Chapter  II. 

NOTE  ON  MALARIA  IN  TEZPUR    ' 

By 
CHARLES  E.  P.  FORSYTH.  MJ).,  DP.H. 


^^ 


f 


Tezpur  is  justly  accounted  one  of  the  most  malarious  districts  in  the  Asc 
Valley. 

The  majority  of  the  estates,  roughly  about  80  per  cent  of  the  total  acre 
of  tea,  are  situated  on  the  red-bank,  a  formation  characterised  by  a  medimn-hej 
soil  cut  up  in  a  remarkable  way  by  *  hullahs '   or  shallow  ravines,  and  manj 
the  gardens  abut  on  forest  continuous  with  the  inmiense,  wide-spreading  gro^ 
running  up  into  the  foot-hills   of   the    Himalayas.     On    certain   portions  of 
red-bank    off-shoots    from    the    main    forest    or   isolated    areas    of   tree-jui 
survive     of    varying    density    and    extent    thrust    into     the     tea     or     fonr 
boundaries  of  estates.    The  few  gardens  on  *  dhan-khet '    level    enjoy     compj 
tively    good  health,  and  it  may    in    fact    be   clearly   afl&rmed    that    the    net 
the  forest    the   unhealthier    the    estate.     The    area    as    a   whole,    however, 
be  correctly  described  with  regard  to  malaria  as  one    of    hyperendemicity. 
spleen-rate  in   the  children  up   to  about  5  years  of  age  is  roimd  90  per  a 
in  children  of  working  age  to   15   years   it  is  30  per  cent,   and   in    adults 
index  ranges  from  6  to  10. 

In  about  70  per  cent  of  the  cases  of  malaria  that  come  up  for  treatment 
infection  b  sub-tertian.  Quartan  fever  occurs  but  rarely,  being  found  fi 
time  to  time  in  one  or  two  definite  localities.  Mixed  infections  are  no  do 
common.  Black-water  fever  is  endemic,  never,  however,  affecting  the  co 
population,  but.  occurring  amongst  the  Babu  class,  Chinamen  and  Europeans, 
severity  of  the  attack  being  definitely  in  the  order  named,  the  European  siiffci 
most. 

As    may    be  gathered  from    the    spleen -index,  the   incidence    of    mal 
amongst,    garden -coolies   is   exceedingly    high,    and   the    direct     economic 
enormous. 

The  following  table  shows  figures  over  a  number  of  years,  taken  from  se 
gardens,  of  cases  of  malaria  and  the  attack  rate  per  hundred  of  the  working  pop 
tion.  Malaria  cases  amongst  adults  and  children  are  grouped  together,  so  the  lal 
loss  is  not  actually  so  much  as  shown,  but  when  a  child  is  sick  the  mother  orfai 
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has  usually  to  be  away  from  work  to  attend  on  it,  and  the  excess  in  the  figures 
is  noty  theiefare,  very  great. 

Tablb. 


Year. 

Malaria 
GasoB. 

Working 
Population. 

Attack 
Rate. 

Per  cent; 

1915 

16,587 

6,632 

250 

1916 

19,136 

7,165 

268 

1917 

17,696 

7,291 

241 

1918         ..   • 

10,650 

6,848 

155 

1919 

9,838 

8,081 

121 

1920         .. 

6,951 

8,622 

80 

1921 

5,184 

8,071 

63 

1922 

5,621 

6,908 

81    - 

Attempts  have  been  made  to  combat  this  heavy  loss,  and  the  employment 
of  quinine  as  a  prophylactic  was  for  many  years  the  method  relied  on.  This 
proved  an  utter  failure  and  only  added  to  the  wastage.  The  cost  of  the  drug 
was  high,  it  was  mainly  adndnistered  in  the  expensive  shape  of  sugar-coated 
tablets  and  the  eSect  on  the  volume  of  disease  was  non-apparent.  There  can  be 
little  doubt  of  the  value  of  prophylactic  quinine  against  malaria  when  the  question 
is  fairly  examined,  but  for  the  attainment  of  success  details  of  its  administration 
bave  to  be  carefully  gone  into,  and  the  haphazard  giving  of  the  drug  to  labour 
forces  exposed  to  continuous  mtensive  infection  can  never  afiord  a  hope  of  benefit. 
Money  and  energy  were  diverted  from  what  •might  have  been  the  obvious  line 
of  attack,  viz.,  that  against  the  mosquito  and  the  ground  lost  has  been  difficult 
to  regain.  A  serious  handicap,  however,  in  the  taking  of  this  course  was  the 
prevailing  ignorance  of  the  actual  carriers  of  the  infection.  No  mosquito-survey 
had  been  attempted,  no  exact  knowledge  was  available  regarding  the  species  of 
anopheline  mainly  concerned  in  the  crime,  and  anti-mosquito  work  at  the  best 
tends  to  be  expensive,  although  when  accurately  directed  the  cost  is  recoverable 
to  an  incalculable  degree.  In  1919,  however,  a  certain  definite  advance  was  made 
after  some  experimental  work  carried  out  in  the  previous  year,  and  the  extravagant 
and  valueless  methods  connected  ^ith  the  indiscriminate  use  of  prophylactic 
quinine  were  put  an  end  to.  There  followed  not  only  a  decided  gain  financially 
but  a  clear  gain  in  the  incidence  of  malaria  amongst  the  labour  forces,  for  it  was 
replaced  by  systematic  treatment  mth  the  drug  of  each  case  of  the  disease  as  it 
arose,  the  sufferer  being  followed  up  and  subjected  to  a  course  of  quinine  sufficient 
to  fortify  him  at  least  against  early  relapse.  This  produced  a  marked  fall  in  the 
case-rate. 
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In  addition  to  wbat  may  appear  to  be  the  rational  emplojrment  of  qtdniiie, 
efforts  have  been  made  to  free  the  gardens  from  jungle  on  the  led-bank  by  the 
clearing  of  *  hullahs  '  and  their  cultivation  with  rice  for  which  these  areas  are 
eminently  fitted,  and  in  these  ways  notable  success  has  been  achieved  on  certain 
estates. 

The  doubt  can  be  urged  whether  a  charge  of  this  sort,  the  clearing  of  jungle 
may  mean  merely  the  substitution  of  one  malaria  carrier  for  another.  It  may 
be  so  but  experience  has  gone  strongly  to  show  that  the  forest  or  jungle-breeding 
anopheline  is  the  danger  as  may  be  seen  from  tlie  marked  improvement  of  health 
demonstrable  in  these  estates  where  these  methods  of  *  huUah '  cultivation  have  been 
carried  out.  In  the  consideration  of  the  question,  however,  it  cannot  be  ignored 
that  besides  the  lessening  of  the  breeding-places  of  dangerous  anophelines  there  is 
the  advantage  of  a  fuller  source  of  food  supply  to  the  worker,  and  this  certainly 
can  be  no  small  matter  in  building  up  a  resistance  to  malaria  and  diseaae  in 
general. 

An  important  question  closely  bound  up  with  the  prevalence  of  malaria  is 
the  acclimatisation  of  new  labour,  and  the  impression  obtained  as  observation 
and  experience  increase  is  that  the  influence  of  the  disease  is  far-reaching  if  not 
fundamental.  Types  of  people — third  and  fourth  class  labour — ^who  live  and  wort 
well  on  the  '  dhan-khet '  estates  would  rapidly  sicken  and  disappear  on  the  gardens 
of  the  red-bank,  and  one  of  the  main  factors  of  the  phenomenon  may  well  be  malaria, 
aixepting  the  more  potent  influence  for  evil  of  the  forest-breeding  anopheline. 
The  malarial  survey  will  throw  light  on  this  so  far  as  this  district  of  Tezpnr  is 
concerned,  a  pressing  problem  in  the  present  difficult  conditions  affecting  the 
recruitment  of  coolie  labour. 

Certain  points  call  perhaps  for  s])ecial  notice.  The  seasonal  incidence,  for 
example,  of  malaria  in  this  district  is  very  deflnite.  In  records  kept  over  a 
series  of  years  the  curve  shows  a  very  .steep  ascent  to  the  period  July-Angnst  from 
March -April,  and  a  correspondingly  sharp  fall.  In  the  cold  weather  the  malaria 
admission  rate  is  rather  less  than  half  that  in  the  rains,  the  proportion  calculated 
over  a  period  of  eight  years  being  approximately  as  37  to  79.  The  definite  seasonal 
variations  can  well  be  accounted  for  by  the  distribution  of  rainfall,  the  year  to 
year  variation  being  extremely  slight,  the  curve  following  closely  the  months 
indicated. 

There  is  no  appreciable  connection  between  the  price  of  food-stufb,  or  variation 
in  wages,  and  the  incidence  of  malaria.  It  is  reasonable  to  suppose,  however, 
that  where  the  general  resistance  is  lowere^l  by  under-feeding  or  privation^  the 
susceptibility  to  disease  is  increased. 

Epidemics  of  other  diseases  do  not  materially  affect  the  incidence  of  malaria, 
except  possibly,  as  apparent  in  the  influenza  outbreak,  when  a  certain  amonnt 
of  confusion  in  diagnosis  occurs. 

The  relationship  of  the  incidence  to  paddy  growing  and  the  clearing  of  jungle 
has  been  touched  upon,  and  as  to  coolie  lines  there  can  be  little  douM  of  the  benefit 
of  good  housing  conditions.  Barrack  lines  of  dark  back-to-back  dwelling  affording 
amongst  other  evils  ideal  lurking  places  for  mosquitoes  and  the  situation  of  houaea 


Digitized  by 


Google 


CONTRIBUTIONS  B7  MEDICAL  OFFICERS  OF  TEA  GARDENS.  27 

dose  to  jungle-grown  ravines  or  *  hullahs '  cannot  fail  to  he  harmful.  The  keeping 
of  domestic  animals,  cows  and  buffaloes  in  katcha  structures  beside  and  between 
line  houses  adds  to  congestion,  but  the  provision  of  separate  cow-slieds  for  coolie 
lines  hafi  only  in  a  few  cases  been  found  practicable.  The  pukkha  house  with 
coinigated  iron  roof,  fitted  for  one  or  two  families  and  properly  spaced  is  the 
most  hygienic  type  of  dwelling,  but  the  iron  roofs  render  the  houses  subject  to 
extremes  of  temperature  and  a  subsidiary  roof  or  '  chang  '  is  as  a  rule  constructed 
by  the  inhabitant  himself  to  modify  the  ezcessivre  heat  in  summer  and  the  cold 
in  winter.  Thus,  when  the  usual  katcha  lean-to  is  added  for  the  accommodation 
of  cattle  and  a  '  ban '  planted  out,  there  comes  to  be  little  difference  between 
this  class  of  houFe,  and  that  covered  with  thatch  and  katcha  throughout,  as 
harbouring  grounds  for  mosquitoes. 

With  regard  to  the  effect  of  malaria  on  infantile  mortality  and  the  general 
health  of  the  survivors  there  is,  of  course,  no  doulit  of  the  acquirement  of  an  immunity 
to  the  infection  apparent  in  the  marked  decrease  in  the  spleen-index  with  age. 
Infant  mortality  is  appallingly  high,  but  the  causes  are  to  a  degree  complex  and 
involved,  and  it  is  impossible  to  ste.te  how  much  of  the  evil  can  be  correctly  ascribed 
to  malaria.  Coming  to  the  sui-vivors,  however,  in  the  average  coolie  lines  the 
exuberant  health,  happiness  and  general  well-being  of  the  child  population  from 
about  18  months  or  two  years  upwards,  are  there  for  all  to  see,  the  possession  of 
a  large  spleen  or  not  appearing  to  make  little  or  no  difference  to  the  individual. 
At  the  period  10  to  15  years  the  children  begin  to  fall  off  again,  when  other  factors 
become  operative,  although  then  the  spleen -index  which  they  present  may  be 
appreciably  less. 

An  influx  of  new  coolies  to  an  estate  means  invariably  a  high  malaria-rate, 
and  as  I  have  endeavoured  to  point  out,  the  acr|uiremetit  of  inmiunity  to  malaria 
amongst  these  people  is  a  most  important  factor  in  their  acclimatisation.  Amongst 
different  races  of  cooUes,  malaria  rages  indiscriminately,  the  main  point  being 
the  newness  of  the  people  to  the  country.  The  more  robust  classes  withstand 
the  infection,  however,  as  evidenced  in  this  district  by  the  comparative  readiness 
of  acclimatisation  of  aboriginals  hke  Mundas,  Oraons,  and  others  as  compared 
with  people,  for  example,  fr(^m  the  ?]ast  Coast 
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MALARIA  IN  THE  LUSKERPORE  DISTRICT, 
SOUTH  SYLHET. 

By 

R.  A.  MURPHY.  LR.c^.U 
The  Luskerpore  Valley  Medical  Association. 


Eii. 


This  district  is  situated  at  the  extreme  south  of  the  Surma  Valley,  an 
climate  and  soil  differ  considerably  from  those  in  other  parts  of  the  province, 
cold  weather  is  shorter,  the  district  is  Uable  to  experience  severe  droughts  befort 
rains  proper  break,  and  very  little  rain  falls  outside  the  period  of  the  mom 
The  hot,  dry  winds  which  blow  in  March,  April  and  May  do  not  obtain  fu: 
north  ;  a  shade  temperature  of  100  and  over  is  not  uncommon,  and  during  i 
months  the  scarcity  of  water  becomes  serious,  wells  of  even  35  to  40  feet  rui 
dry.  The  monsoon  is  usually  ushered  in  by  one  or  two  very  heavy  falls  of 
which  may  measure  from  8  to  13  inches  in  twenty-four  hours,  after  which 
of  2  to  4  inches  occur.  The  monsoon  blows  harder  than  in  most  districts,  1 
are  few  breaks  and  httle  sunshine.  The  yearly  rainfall  is  from  80  to  100  in 
The  soil  constituents  are  lighter  than  are  usually  found,  and  its  sandy  m 
is  very  apparent. 

The  configuration  of  the  region  is  that    of  a  valley    lying  between  two 
ranges  of  hills.     The  hills  themselves  appear  to  be  unsuitable  for  tea  and  are 
planted,  the  estates  being  confined  to  high  ground  abutting  on  the  hills, 
land  is  made  up  of  *  tilas '  (small  hills)  or  plateaux,  with  intervening  gulli© 
ravines  containing  bliil,  or  if  not  too  low-lying,  rice  land. 

Although  the  malarial  incidence  is  not  so  heavy  as  is  foimd  in  some  a 
severely  affected  districts,  it  is  above  the  average,  the  spleen-index  being  1 
and  there  are  few  Europeans  living  in  this  district  during  the  malarial  en 
who  escape  infection.  In  tliis  connection,  considering  the  prevalence  of  mi 
on  the  tea  estates  of  Assam,  often  of  the  sub-tertian  type,  the  low  death 
invaliding  rates  of  the  European  residents,  due  to  malaria,  are  rather  remarli 
I  attribute  this  to  the  fact  that  the  planter  is  continually  imder  the  observj 
of  his  doctor,  and  medical  attendance  being  provided,  he  does  not  hesitate  t 
advice  for  trivial  complaints  or  slight  fever.  Moreover,  the  planter  is  abov 
average  as  a  patient,  is  not  influenced  by  cranks,  and,  as  a  rule,  willingly  ac 
treatment  prescribed. 
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In  thiB  district,  quartan  malaria  occuis  occasionally,  benign  tertian  is  most 
frequent,  but  probably  30  to  40  per  cent  of  infections  are  sub-tertian.  Cases  of 
black-water  fever  occur,  but  more  amongst  Babus  than  Europeans.  The  Babu* 
18  an  intermittent  taker  of  quinine,  and  will  take  it  while  he  has  fever  and  for  a 
short  period  after,  but  can  rarely  be  convinced  of  the  necessity  of  continuing  the 
treatment.  He  takes  sufficient  quinine  to  prevent  the  defensive  capabilities  of 
the  spleen,  etc.»  developing,  but  not  enough  to  eSect  a  cure,  and  undoubtedly  a 
malarial  infection  can  be  cured  by  quinine,  more  easily  if  relapses  have  hot  occurred » 
but  the  course  necessary  requires  considerable  intelligence  and  perseverance  on 
the  part  of  the  patient.  The  subject  of  malignant  tertian  getting  repeated  attacks 
of  fever,  partially  held  in  check  by  a  temporary  taking  of  quinine,  is  asking  for 
serious  trouble.  The  value  in  controlling  malaria  by  the  systematic  administration 
of  quinine  to  troops  or  labour  is  disputed,  but  it  is  presumable  that  what  is  so 
successful  in  the  individual  should  be  beneficial  to  the  mass.  It  is  extremely 
difficult,  however,  especially  with  children,  to  ensure  that  all  will  take  quinine 
regularly  in  sufficient  dosage,  since  those  engaged  in  manual  labour  appear  to 
require  a  larger  amount  than  those  in  sedentary  occupations,  and  if  the  dosage 
be  insufficient  more  harm  than  good  is  done.  An  experiment  on  one  individual 
garden  is  of  little  value,  as  in  this  case  a  special  supervision  is  exercised  which 
it  is  impossible  to  give  to  every  garden  in  a  practice.  It  is  an  uneconomical  and 
troublesome  way  of  tackling  the  problem,  and  should  be  abandoned  for  more 
thorough  measures. 

The  efiects  of  malaria  on  the  labour  force  in  this  district  are  those  common 
to  most  parts  of  Assam,  but  as  the  coolies  are,  on  most  of  the  gardens,  of  a  good 
type  and  garden-bom,  the  adults  show  a  fair  amount  of  immunity  and  resistance, 
and  the  mortality  and  sickness  is  less  than  it  would  be  among  an  inferior  labour 
force.  The  most  disastrous  effect  is  the  check  to  the  increase  of  population,  caused 
by  miscarriages,  still-births,  and  deaths  of  infants  and  children  from  fever  and 
convulsions.  The  total  loss  to  the  tea  industry  from  these  causes  must  be  enormous, 
for  one  garden-bom  cooUe  is  worth  many  expensive  immigrants.  Anfflmia  is 
a  prominent  sequela  of  malaria,  and  although  hookworm  usually  receives  all  the 
blame,  it  is  undoubtedly  the  dual  infection  with  these  two  parasites  which  makes 
anaemia  such  a  scourge  in  Assam.  Loss  of  efficiency  due  to  malaria  is  not  confined 
to  the  manual  worker,  and  it  requires  emphasizing  that  impairment  of  memory, 
judgment,  and  decision  is  a  frequent  result. 

The  period  of  malarial  infection  appears  to  be  more  limited  than  in  most 
districts,  but  during  that  period  it  is  intense.  Its  duration  is  naturally  dependent 
on  conditions  being  suitable  for  the  anopheles  to  breed,  and  the  chief  factor  affecting 
these  conditions  is  rainfall.  At  a  time  of  year,  for  instance,  when  hot  dry  winds 
blow,  and  all  surface  water  is  dried,  breeding-places  are  abolished,  and  fresh 
infections  are  few,  if  any.  It  may  be  broadly  stated  that,  from  November  to 
May  inclusive,  fresh  infections  are  negligible,  but  this  period  may  be  lengthened  or 
shortened  according  to  the  fall  of  early  or  late  rain.  Apart  from  suitable  breeding- 
places,  the  drop  in  temperature  after  the  middle  of  November  not  only  makes 
the  adult  mosquito  sluggish,  but  very  much  delays  the  larval  stage  (I  hava  kept 
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aiYSB  adjyely  alive  for  over  two  months),  thus  much  diminishing  the -chance  of 
survival.  The  lower  temperature  has  also  probably  a  retarding,  or  even  inhibitory 
effect  on  the  development  of  the  parasite  in  the  mosquito.  The  land  actually 
under  tea  cultivation  is  unusually  unfavourable  for  the  breeding  of  any  kind  of, 
mosquito.  The  water  either  runs  off  quickly,  or  is  absorbed  by  the  sandy  soil, 
and  as  the  drains  are  not  backed  up  they  do  not  hold  water  long  enough  for  the 
mosquito  to  mature.  This  lack  of  facilities  for  the  insect  is  fully  compensated 
for  by  the  intersecting  low-lying  land,  for  there  it  has  everything  in  its  favour. 
It  can  take  its  choice  of  water  stagnant  or  running,  muddy  or  clear,  shaded  or 
unshaded,  and  undisturbed  by  the  breeze,  can  breed  in  profusion.  At  least 
eight  species  of  anopheles  are  found  in  this  district,  but  fortunately  for  the  survival 
of  the  human,  Dr.  Strickland  informs  me  that  most  of  them  are  not  very  capable 
carrieis.  We  require,  however,  a  good  deal  more  knowledge  than  we  at  present 
possess  as  to  the  malaria-carrying  potentialities  of  the  various  species  in  Assam, 
and  this  is  one  of  the  questions  requiring  more  research  work.  The  wet  cultivation 
of  rice  in  this  district  is,  as  in  many  other  countries,  one  of  the  biggest  obstacles 
to  the  solution  of  the  malarial  problem,  and  sooner  or  later  the  necessity  of  prohibit- 
ing such  in  contiguity  to  lines  and  bungalows  will  come  to  be  realized.  As  far  as 
Europeans  are  concerned,  the  damage  due  to  malaria  can  be,  and  is,  very  consider- 
ably minimized  by  prompt  treatment,  the  use  of  quinine,  and  the  protection 
afforded  by  wiring  and  electric  faas,  but  these  measures  are  impossible  in  the 
case  of  the  coolie,  and  the  only  practicable  way  to  prevent  the  at  present  large 
loss  of  labour  by  death  (especially  children),  ill  health,  lowered  vitality,  and 
reduced  birth-rate,  is  to  tackle  the  mosquitoes  responsible.  At  one  time  this 
appeared  a  somewhat  hopeless  proposition  in  a  country  so  much  under  water  as 
Assam,  but  it  is  extraordinary  how  limited  in  reality  the  breeding-places  are, 
how  much  water  is  unsuitable,  or  larvsB  destroyed  or  washed  away.  To  obtain 
economic  results,  it  is  necessary  that  each  estate  should  be  investigated 
individually,  and  a  knowledge  first  be  obtained  of  the  species,  habits  and 
comparative  malignancy  of  the  local  anopheles. 
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Chapter  IV. 

NOTES  ON  THE  INCIDENCE  OF  MALARIA  ON  A 
GROUP  OF  ESTATES  IN  SOUTH  SYLHET. 

By 
HUGH  SMITH.  M.D..  BXh. 

The  seasonal  incidence  of  malaria  is  fairly  constant,  and  does  not  vary  much 
from  year  to  year  in  spite  of  the  fact  that  the  rainfall  varies  considerably. 

From  June  to  October  the  index  is  at  its  height,  dropping  at  the  end  of  October, 
and  rising  again  in  December  with  the  advent  of  the  colder  weather.  Catarrh 
is  also  rife  at  this  season,  and  the  rise  of  temperature  accompan}dng  it  is  often 
erroneously  attributed  to  malaria,  as  it  is  a  difficult  matter  to  examine  the  blood 
of  every  patient,  but  undoubtedly  there  are  many  cold  weather  relapses  as 
well  as  primary  infections,  carriers  being   in  evidence  throughout  the  winter. 

The  fact  too  that  this  is  the  recruiting  season  for  labour  should  be  taken 
into  account,  as  many  new  arrivals  are  not  immune. 

While  the  influence  of  the  rainfall  is  an  important  factor  in  regard  to  malaria, 
the  distribution  must  be  taken  into  consideration,  and  also  the  nature  of  the  soil, 
as  in  a  sandy  soil  the  rain  is  quickly  absorbed  whereas  in  a  clay  soil  the  ground 
may  remain  moist  for  many  days  after  the  rain  has  ceased. 

There  is  evidence  to  show  that  the  price  of  food,  and  variation  of  wages  has 
an  effect  upon  the  malarial  incidence,  possibly  due  to  the  fact  that  a  poorly 
nourished  coolie  is  less  able  to  resist  an  attack  of  malaria,  and  being  below  par, 
will  not  recover  so  quickly. 

The  incidence  of  malaria  in  relation  lo  jungly  conditions  is  not  marked, 
provided  there  are  no  streams  in  the  immediate  vicinity  and  the  jungle  is  left 
undisturbed,  but  if  coolie  lines  have  been  drained,  and  cleared  of  jungle,  and  it 
is  allowed  to  grow  again,  there  is  usually  a  marked  increase  in  the  munber  of 
cases  of  malaria. 

In  regard  to  paddy  growing  in  the  vicinity  of  dwelling  houses,  it  has  been 
noted  that  there  are  fewer  cases  of  malaria  where  the  low-lying  land  has  been  brought 
under  cultivation  which  ia  probably  due  to  the  presence  of  numerous  small  fish 
which  feed  on  the  mosquito  larvce 

The  manufacture  of  bricks  in  the  vicinity  of  dwelling  houses  is  indirectly  the 
cause  of  increased  malaria  infection,  as  the  pits  formed  in  order  to  extract  the 
clay,  will  remain  for  years  as  a  breeding  ground    for    mosquitoes.    Injudicious 
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draining  should  also  be  avoided,  as  in  many  instances  badly  planned  drains  amply 
act  as  breeding  grounds. 

Of  the  many  types  of  coolie  houses,  those  constructed  of  mud  appear  to  be 
the  favourite  haunt  of  the  mosquito,  as  there  are  many  little  crevices  in  the  walk 
in  which  it  finds  a  secure  resting  place. 

Very  few  mosquitoes  are  to  be  found  on  the  c?iling  of  a  coolie  house,  as  they 
are  driven  away  by  the  smoke  resulting  from  the  cooking  which  is  done  over  an 
open  fire  in  the  house,  and  this  deposits  a  slimy  soot  on  the  ceiling. 

The  favourite  haunt  of  the  mosquito  is  in  the  little  lean-to  which  the  coolie 
builds  against  the  side  of  his  house,  and  in  which  he  keeps  his  cattle 
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Chapter  V. 

NOTES  ON  THE  MALARIA  INCIDENCE  ON  THE 

GARDENS  OF  THE  ASSAM  FRONTIER  TEA 

CO..  LTD.,  FOR  THE  YEARS  1921-1925. 

By 
D.  P.  WILLIAMS.  M.A^  M.R.C.S.,  L.R.C.P,, 

Medical  OjSficer  lo  the  Assam  Frontier  Tea  Co.,  Ltd.,  and  Budla  Beta  and 
Bokpara  Divisions  of  the  Budla  Beta  Tea  Co,,  Ltd. 

(The  figures  which  fonn  the  basis  of  this  report  are,  for  the  sake  of  convenience, 
taken  from  the  gardens  of  the  Assam  Frontier  Tea  Co.  only.) 

Physical  Features. — These  tea  gardens  are  situated  in  the  most  northerly  part 
of  the  tea-growing  districts  south  of  the  Brahmaputra.  The  northern  and 
north-western  boundary  of  that  part  of  this  great  river  basin  in  which  these  gardens 
lie  is  the  Brahmaputra  itself,  the  lower  ranges  of  the  Himalayas  lying  beyond  it ; 
while  the  eastern  and  southern  gardens  are  confined  by  the  Naga  Hills.  Except 
for  these  limits  the  gardens  have  no  natural  boundaries  except  the  line  of  the 
Dibru-Margharita  section  of  the  Dibru-Sadiya  Railway  on  the  south-east  and 
south-west.  Jungle  separates  the  tea-growing  area  from  the  south-westerly 
bend  of  the  Brahmaputra  on  the  west  and  from  the  Naga  Hills  on  the  east. 
This  area  is  commonly  known  as  the  Doom  Dooma  District,  with  the  small  town 
of  Doom  Dooma  about  its  centre. 

The  Dibru-Sadiya  Railway  intersects  the  district  from  north  to  south,  and 
the  gardens  lie  on  the  east  and  west  of  the  line  and  close  to  it.  In  some  places 
where  the  railway  bund  is  high,  and  the  natural  drainage  blocked,  this  railway 
must  have  an  important  bearing  on  the  malaria  incidence.  The  height  above 
mean  sea-level  is  roughly  400  ft.  at  Doom  Dooma,  rising  to  410  at  its  most  northerly 
point.  The  average  rainfall  and  temperature  records  are  appended.*  Subsoil 
water  is  found  in  March  at  a  depth  of  about  30  ft.  The  area  taken  as  a  whole 
considts  of  plateau  on  which  the  tea  is  grown,  surrounded  or  intersected  by  *  pathar  ' 
or  bheel  land,  lying  at  levels  varying  between  5  and  25  ft.  below  the  plateau.    These 

*  Appendices  are  filed  for  reference  in  the  office  of  the  I.  T.  A.,  Calcutta.  Such  items  will  be 
marked  in  the  succeeding  paires  (I.  T.  A.).  It  is  greatly  to  be  regretted  that  Dr.  Williams' 
beautiful  graphs  cannot  for  reason  of  space  be  published.  They  should  bo  obtained  from  the 
I.  T.  A.,  Calcutta,  and  consulted. — C.  S. 
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• 
pathars  or  bheels  vary  much. in  vridHi  and  depth,  some  being  only  a  few  hundred 
feet  across,  others  over  a  mile ;  some  have  more  or  less  a  clean  cut  stream  running 
in  them,  with  marsh  on  each  side  and  very  high  banks,  25  to  30  ft.  below  the  general 
tea-level ;  others  are  wide  expanses  of  land  more  or  less  dry,  at  least  in  the  cold 
weather,  at  only  a  few  feet  below  the  high  level,  and  may  have  very  gradual  sloping 
ba'hks.  In  these  latter  bheels  rice  is  grown.  This  varying  physical  aspect  has 
an  important  bearing  on  the  malarial  incidence  on  different  gardens.  Along 
the  bottom  of  the  steep  banks  the  water  emerges  clear  and  is  favourable  to  the 
breeding  of  two  of  our  malaria-carrying  mosquitoes — ^namely  A.  macuUUus  and 
A.  minimus,  especially  where  such  banks  are  clear  of  jungle.  These  two  species 
shun  the  contaminated  water  of  the  open  broad  low-lying  pathars,  but  select  the 
clean  water  of  deep  and  narrow  bheels.  This  fact  will  account  for  the  difference 
of  the  malarial  incidence  on  contiguous  gardens:  for  the  main  population  lives 
along  the  sides  of  these  various  types  of  bheels. 

The  district  is  alluvial  and  its  soil  rich,,  once  having  been  the  bed  of  the  main 
river. 

With  these  endless  bheels  and  waterways  and  natural  water  reservoirs,  an 
optimum  rainfall  and  temperatiire,  and  a  crowded  population  the  district  is  a 
highly  malarious  one,  as  would  be  expected.  A  consideration  of  the  map  wil] 
make  these  points  clear  {see  the  attached  map)    (I.  T.  A.). 

The  gard^is  of  which  the  writer  is  in  medical  charge,  are  in  two  main  divisions, 
called  the  upper  and  lower,  with  one  garden  half-way  between  the  two  groups. 

The  physical  features  of  all  these  gardens  are  roughly  identical,  i.e.,  plateaux 
of  tea,  intersected  or  surrounded  and  separated  from  its  neighbour  gardens, 
by  pathars  or  bheels  as  described  above ;  the  people  are  settled  out  on  all  the 
gardens  in  much  the  same  way,  that  is  partly  in  regular  lines  on  the  garden  itself 
and  partly  in  bustis  in  scattered,  irregular,  groups  of  houses  varying  in  distance 
from  1  to  4  miles  away  from  the  factory.  It  is  the  policy  of  this  Company  to 
allow  the  coolies  to  settle  out  according  to  their  own  ideas  and  customs,  depending 
on  the  caste  prevailing  in  a  particular  garden,  rather  than  to  settle  them  in  organised 
lines  on  the  garden  itself.  It  is  difficult  to  estimate  which  is  really  the  healthier, 
as  many  factors  have  to  be  taken  into  account  in  estimating  the  incidence  of  malaria 
respectively ;  actual  hospital  statistics  show  the  busti  population  to  be  the  healthier, 
as  far  as  malaria  is  concerned,  in  the  proportion  of  7' 3  or  7*4 ;  this  is  gauged  by 
hospital  admission  statistics ;  but  it  must  be  taken  into  account  that  those  living 
a  long  way  off  do  not  report  ill  as  readily,  nor  is  a  person  lying  sick  discovered 
as  easily,  as  those  living  near  the  hospital  in  regular  lines  more  or  less  under  control 
and  daily  inspection ;  this  is  especially  true  of  malaria  in  children  and  many 
deaths  occur  in  children  in  the  bustis  who  have  never  been  seen  by  the  medical 
staff. 

The  busti  settlements  are  usually  nearer  open  water  and  the  streams  of  the 
pathars  and  bheels,  but  this  danger  is  more  than  balanced  in  the  lines  by  crowding 
and  the  extra  difficulty  of  effective  drainage.  But  after  taking  all  facts  into 
consideration  figures  seem  to  show  that  these  out-lying  settlements  are  healthier 
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than  the  garden  lines,  and  probably  the  Company's  policy  to  settle  out  as  many 
as  possible,  with  the  gradual  elimination  of  the  garden  lines  is  a  wise  policy  and 
makes  for  happiness  and  content  in  the  labourer ;  he  becomes,  in  fact,  a  small 
farmer.  But  without  question  it  makes  efficient  medical  work  and  medical  adminis- 
tration and  organisation  with  the  limited  staff  at  our  disposal  much  more  difficult.  To 
put  it  quite  frankly,  the  modem  tea  garden  labourer  is  not  under  medical  control ; 
he  looks  on  the  garden  no  longer  as  his  home,  but  only  as  the  place  where  he  earns 
his  living,  and  the  work  over  for  the  day  he  goes  home,  exactly  as  the  British 
worker  regards,  we  may  say,  a  factory  in  his  town  ;  if  ill,  he  does  not  come  to  work, 
but  obeys  the  simple  biological  law  instinctive  in  all  animals  and  retires  to  his 
darkest  comer.  Hence  the  great  difficulty  that  the  modem  medical  officer  has 
to  contend  with  indirect  treatment  of  illness  and  personal  medical  prophylaxis, 
and  hence  the  enhanced  need  of  a  broad,  all-embracing  prophylaxis  in  combating 
malaria,  in  the  carrying  out  of  which  the  labourer  shall  be  in  no  way  directly 
concerned. 

The  four /upper'  divisions  are  about  fifteen  miles  due  north  of  the  lower 
group,  with  one  garden^  Sookerating,  midway  between  the  two.  In  addition  an 
isolated  garden,  Dholla,  lies  in  the  *  Political '  area  near  the  Brahmaputra  some 
seven  to  eight  miles  north  of  the  upper  group.  In  the  accompanying  map  (I.  T.  A.)  the 
gardens  are  marked  by  a  red  ring.  Ptom  the  appended  statistical  tables  it  will 
be  seen  that  the  upper  gardens  are  on  the  whole  less  healthy  as  far  as  malaria 
is  concerned  than  those  of  the  lower  group  and  malarial  infection  is  the  common 
factor  that,  judged  over  a  number  of  years,  seems  to  determine  the  mortality 
and  sick-incidence  rates  of  the  gardens ;  consequently  we  must  examine  the  physical 
features   to  account  for  this. 

It  would  appear  that  where  a  garden  is  in  close  relation  to  deep  and  narrow 
bheels  fifteen  to  twenty-five  feet  below  the  tea  area,  especially  if  a  small  well- 
defined  stream  run  through  the  bheel  that  garden  is  highly  malarious ;  and  conversely 
an  estate  that  merges  gradually  into  wide  open  pathars  or  marsh,  in  the  absence 
of  steep  banks  or  clear  streams,  ia  comparatively  healthy.  Speaking  broadly 
the  four  lower  divisions  conform  to  the  second  type,  and  the  upper  divisions  to 
the  first  type.  Statistical  Table  I  (I.  T.  A.)  shows  the  malarial  incidence  on 
the  company's  gardens  for  the  last  five  years.  The  first  four  gardens  on  this 
list  and  the  last  one,  Lainah,  are  in  the  upper  group.  These  figures  show  the 
higher  incidence  on  all  the  upper  division  groups,  with  the  exception  of  Khobong, 
which  conforms  in  type  to  those  of  the  lower  group ;  and  the  writer  personally 
knows  no  other  way  of  accounting  for  it  except  by  a  consideration  of  the  physical 
features  as  given  above. 

Maaquitoea.  The  following  note  on  the  local  mosquitoes  was  kindly  given 
to  the  writer  for  publication  in  this  report  by  W.  H.  Scott,  Esq.,  a.  b.  ian.  i.,  who 
is  in  charge  of  Sir  Malcolm  Watson's  Anti-malarial  Operations  in  the  Doom  Dooma 
and  Aj380ciated  Companies'  gardens. 

**  The  anophelines  found  on  a  group  of  tea  gardens  with  an  average  spleen-rate 
of  70  per  cent  have  been  A.  minimus,  maculatU8,bafbirostrt8,  mwnsis,  Juliginostu, 
lenoosphyms,  kochi,  gigas,  rem  (Giles).    Work  is  being  carried  out  to  control  the 
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breeding  places  of  minimus  and  macuUdus.  When  the  subsoil  water  rises  and 
breaks  through  on  the  lower  edges  of  the  bheel,  the  clear  water  fills  up  small  cavities 
and  unless  shaded  by  heavy  vegetation  forms  an  ideal  breeding  place  for  maculatu>8. 
These  small  pools,  constantly  being  fed  by  seepage  water,  overflow  and  join  up 
in  a  regular  stream  in  which  minimus  aboimd.  Where  the  bheel  runs  back  into 
the  high  land  in  the  form  of  a  re-entrant  or  bay  a  greater  volume  of  seepage  is 
found,  which  naturally  forms  a  more  dangerous  breeding  ground.  The  ideal 
system  to  control  these  carriers  is  by  intercepting  the  spring  water  at  the  bheel 
edges  by  subsoil  drainage  at  a  depth  of  four  feet.  At  anything  less  than  four 
feet  the  pipes  are  liable  to  be  choked  by  the  roots  of  bheel  vegetation.  The  water 
from  the  subsoil  pipes  is  carried  of[  by  a  central  open  drain.  This  system  can 
only  be  carried  out  in  small  areas  owing  to  the  great  cost ;  but  on  a  large  scattered 
area  open  earth-work,  consisting  of  contour,  herringbone,  and  central  drainage, 
can  be  done.  The  contour  drain  should  not  be  more  than  six  inches  wide  at  the 
bottom ;  this  keeps  the  water  highly  concentrated  making  the  drain  self-cleansing 
and  often  prevents  direct  sunlight  reaching  the  water,  making  it  less  favourable 
for  maculatits  and  minimus,  A  mosquito  survey,  made  on  a  wide  flat  pathar 
with  a  spleen  rate  of  8  per  cent,  revealed  fuliginosus  and  sinensis.  This  survey 
was  made  in  August ;  there  was  an  average  depth  of  four  inches  of  clear  still  water 
and  where  the  soft  mud  was  disturbed  it  gave  off  an  unpleasant  odour.  The 
particular  pathar  examined  was  intersected  by  a  road,  and  at  the  culvert  there 
was  a  regular  stream  caused  by  the  invert  being  too  high.  These  places  had  the 
appearance  of  ideal  minimus  breeding  grounds,  but  the  water  was  not  of  a  purity 
essential  for  it.  A  careful  search  was  made,  but  only  fuliginosus  was  found  in 
the  actual  stream-way.  It  is  interesting  to  note  that  of  two  gardens  not  affected 
by  seepage  water,  through  both  of  which  flows  a  smaU  river,  one  is  healthy 
and  the  other  unhealthy.  On  the  healthy  garden  the  river  is  free  from  jungle 
and  only  fuliginosus  was  found  in  the  actual  stream-way.  The  river  on  tie 
unhealthy  garden  was  covered  in  jungle,  and  in  the  stream  fuliginosus  was 
found,  but  in  the  small  backwaters  barbirostris  was  breeding  in  large  numbers. 
Unfortimately  this  survey  was  made  at  the  end  of  the  rains,  but  if  a  close 
observation  were  made  covering  several  months,  the  information  would  be  valuable 
to  many  tea  gardens  "  (W.  H.  Scott). 

Annual  Malaria  Incidence.  Table  II  (I.  T.  A.)  shows  the  malarial  incidence 
throughout  all  the  gardens  for  each  year  1921 — 1925.  From  these  figures  it  will 
be  seen  that  1922  was  a  year  of  high  incidence,  and  that  there  has  been  a  gradual 
decline  since  in  the  total  figures.  I  know  of  no  reason  to  account  for  this  high 
incidence  in  1922,  except  possibly  the  excessive  early  rainfall  of  that  year.  The 
gradual  decline  is,  I  think,  attributable  to  the  comparative  absence  of  recruiting 
in  recent  years,  as  the  population  has  remained  practically  stationary  and  no 
anti-malarial  measures  have  been  adopted.  In  the  absence  of  recruiting  of  new 
coolies  from  India  the  proportion  of  the  relatively  immune  to  those  who  are  not 
gradually  increases.  The  only  other  factor  that  could  influence  this  decline  is 
the  gradual  shifting  of  the  population  into  widely  scattered  busti  areais  and  the 
corresponding  diminution  in  'Hne'  population. 
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Table  III  (I.  T.  A.)  shows  the  malarial  incidence  by  months  for  the  five  years. 
This  roughly  follows  the  rain  and  temperature  curves  and  calls  for  no  comment. 

Statistical  Table  IV  (I.  T.  A.)  shows  the  malarial  incidence  on  each  separate 
garden  for  the  five  years.  One  or  two  interesting  facts  emerge  from  a  consideration 
of  this  set  of  figures. 

1.  On  the  whole  there  is  a  small  but  steady  decline. 

2.  Talup  Estate,  where  the  malarial  incidence  is  far  higher  than  on  the  other 
gardens  of  any  group,  is  the  only  garden  to  have  recruited  new  coolies  in  any 
numbers.  On  this  garden  malaria  was  almost  epidemic  in  July  and  August  of 
1922;  this  is  the  only  real  malarial  epidemic  in  the  experience  of  the  writer;  it 
was  confined  to  one  large  set  of  new  lines  or  rather  settlements  into  which  a  large 
part  of  the  population  was  being  transferred ;  hardly  one  house  escaped  infection 
in  the  new  settlements  and  nearly  every  inhabitant  passed  through  the  hospital. 
This  acute  and  sudden  infection  was  attributed  to  the  change  being  effected  in  the 
rains  before  the  land  immediately  adjacent  to  the  houses  was  levelled  off;  the 
whole  area  was  a  mass  of  holes  from  the  uprooted  tea,  and  borrow-pits,  with 
water  everywhere.  The  epidemic  ceased  on  the  ground  being  levelled  off.  But 
this  garden,  as  a  whole,  shows  a  great  diminution  in  malarial'  infection,  as  the 
figures  show,  owing,  in  the  writer's  opinion,  to  the  wholesale  abolition  of  lines 
in  favour  of  scattered  settlements.  The  same  remark  appUes  to  Dangri,  where 
the  drop  in  the  number  of  cases  is  remarkable  probably  due  to  the  same  cause, 
namely,  the  migration  of  the  labour  away  from  the  garden.  Hokungurie  shows 
the  same  type  of  drop  and  is  due,  in  the  writer's  opinion,  to  the  same  cause.  In 
other  words,  other  things  being  equal,  malarial  infection  in  a  given  population 
varies  directly  with  its  density. 

These  figures  give  only  a  fraction  of  the  actual  malarial    incidence,    for: — 

1.  The  malaria  that  is  seen  compUcating  other  diseases,  such  as  dysentery, 
pneumonia  and  anaemia,  etc.,  is  not  shown  in  the  case-sheets  as  malaria,  but  as 
the  disease  of  admission.  Very  few  cases  in  hospital  for  more  than  ten  days  escape 
at  least  one  attack  of  malaria. 

2.  The  cases  of  malaria  treated  as  out-patients  are  at  least  three  times  the 
number  of  in-patients. 

3.  A  large  number,  especially  amongst  those  who  live  in  the  bustis  two  or 
or  four  miles  away  are  not  reported  at  all ;  this  is  especially  the  ^case  in  little  children, 
a  matter  referred  to  under  mortality. 

4.  (a)  The  vast  majority  of  our  so-called  dysenteries  are  malarial  in  origin. 
The  typical  temperature  charts  on  admission  show  this,  and  the-  temperature 
and  disease  so  commonly  clear  up  under  quinine.  Statistical  Table  V  (I.  T.  A.) 
shows  the  correlation  between  these  diseases. 

(6)  Anaemia  is  largely  malarial  in  origin.  The  charts  of  all  these  cases — 
and  the  number  is  enormous — ^show  a  malarial  attack  in  hospital  roughly  every 
six  or  eight  days  when  first  admitted,  which  gradually  diminishes  in  frequency 
as  treatment  goes  on ;  quinine  is  ordinarily  given  for  ansomia  in  these  cases 
during  the  early  days  of  treatment.  No  cure  is  possible  until  the  system  haa  been 
cleared  of  malarial  infection.    There  is  a  drop  of  about  5  per  cent  in  the  hsemoglobin 
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index  at  each  attack  of  malaria  and  the  anemia  in  a  gaidei;!  is  a  good  rough 
working  guide  of  the  malarial  incidence.  Without  adequate  daily  anti-ansemic 
organisation  to  cope  with  it,  indeed,  a  labour  force  would  go  down-hill  and  ultimately 
disappear. 

(c)    Last  year  the  following  experiments  were  carried  out  on  a  large  scale. 
The  following  types  of  cases  were  admitted  into  hospital : — 
(a)  Normal-looking  women,  but  wanting  a  rest,,  with  children. 
(6)  Anaemic  women — with  their  children, 
(c)  Pregnant  women — with  their  children. 
{d)  Women  with  slight  ailments — such  as  skin  diseases,  ulcers,  slight  wounds, 

etc. 
(e)  Orphan  children. 
Accurate  four-hourly  charts  were  kept.  With  hardly  an  exception  all  had 
one  or  more  attacks  of  malaria  in  hospital — ^the  average  being  about  every  eight 
or  ten  days — some,  of  course,  far  more  frequently.  A  full  account  of  this  was  given 
by  the  writer  in  a  paper  read  at  the  Dibrugarh  B.  M.  A.  meeting  in  1924.  In  the 
absence  of  accurate  figures  on  this  point  one  hesitates  to  generalise,  but  it  is  no 
exaggeration  to  any  that  children  up  to  about  3  years  old  seem  to  live  in  a  state 
of  constant  active  malarial  attacks,  and  the  marvel  is  how  so  many  survive. 
Dysentery  and  anaemia  are  the  two  best  indices  of  malaria. 

There  are  other  valuable  but  indirect  ways  of  estimating  the  prevalence  of 
malaria  and  the  extent  of  its  ravages  in  a  labour  force. 

Considerations  of  the  following  data  suggest  themselves: — 

1.  The  children's  spleen-rate.     Table  VI   (I.  T.  A.). 

2.  Total  children's  monthly  deaths  from  all  causes  compared  with  the  total 
children's  monthly  deaths  from  malaria.    Table  VII  (I.  T.  A.). 

3.  Still-births  by  month  compared  with  the  monthly  malarial  incidence. 
Table  VIII  (I.  T.  A.). 

4.  Children's  monthly  death  rate  compared  with  the  monthly  malarial 
incidence.     Table  IX  (I.  T.  A.). 

5.  Deaths  of  children  in  the  first  twelve  months  of  life.     Table  X  (I.  T.  A.). 

6.  Deaths  of  children  'in  the  line'  compared  with  the  total  children's 
deaths.    Table  X  (below). 

Numbers  3,  5,  and  6,  are  valuable  indices  of  malarial  prevalence,  but  require  a 
little  explanation: — 

Statistical  Table  VIII  shows  the  monthly  relation  between  still-births  and  malarial 
incidence.  For  every  one  hundred  children  born  there  are  roughly  ten  still-births, 
abortions  in  the  early  days  of  pregnancy  are  not  counted,  but  only  those  occurring 
after  the  first  six  months  of  pregnancy,  as  the  condition  of  these  mothers  is  known, 
being  under  observation,  and  the  cause  of  the  still-births,  as  far  as  can  be  accurately 
known,  is  recorded.  In  the  vast  majority  of  cases  the  causative  agent  is  either 
a  single  acute  or  several  small  attacks  of  malaria  in  the  mother,  or  the  ansemia 
caused  by  malaria.    This  sequence  is  so  conunon  as  to  admit  of  no  doubt. 
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Table  X  shows  the  deaths  of  children  in  the  first  twelve  months  of  life  for 
the  thiee  yeais  1923 — 1925 ;  this  table  also  shows  the  births  for  these  three  years, 
the  total  deaths  of  children  from  all  causes,  and  the  total  still-births.  It  will  be 
noted  that  the  mortality  in  the  first  year  of  life  is  very  high ;  it  works  out  at 
about  two  hundred  out  of  every  one  thousand  bom.  This,  however,  is  small 
compared  with  the  large  towns  in  India  where  the  infantile  mortality  in  the  first 
twelve  months  varies  according  to  different  towns  from  two  hundred  and  fifty 
to  five  hundred  per  mille.  The  cause  of  this  mortality  m  again  chiefly  malaria, 
due  either  to  repeated  attacks  or  one  single  attack,  or  more  often  the  cause  is 
written  down  marasmus  or  debility  at  birth,  which  condition,  again,  is  itself  due 
to  anaomia  of  malarial  origin  in  the  mother. 

Table  XI  (I.  T.  A.)  shows  the  monthly  *  line '  deaths  in  children  contrasted 
with  the  monthly  malarial  incidence.  By  line  deaths  we  mean  the  more  or  less 
sudden  deaths  of  little  children  at  night  in  their  parent's  house  without  being 
seen  medically.  The  history  of  these  deaths  at  night  is  nearly  always  the  same ; 
the  child  is  on  its  mother's  back  during  the  day ;  after  returning  to  the  house  and 
preparing  the  evening  meal  the  mother  may  notice  that  the  child  is  fretful  and 
hot,  or  die  may  observe  nothing ;  the  family  goes  to  sleep  and  nothing  further  is 
known  until  the  child  is  found  dead  in  the  morning. 

This  tale  is  only  too  familiar  to  us,  and  from  what  we  see  in  hospital  the 
sequence  of  events  is  clear — fever  during  the  day  imnoticed,  a  rising  temperature 
at  evening,  later  hyperpyrexia,  coma,  death.  The  malarial  history  is  again 
manifest. 

The  last  three  tables  can  be  tabulated  as  follows : — 


Table  X. 


1923. 

1924. 

1925. 

Total. 

Totttl  childrcu  bom  (live  birtnfi/ 

980 

976 

969 

2,925 

ToUl  children's  dentha 

321 

369 

373 

1,063 

Total  still-bom 

124 

125 

108 

357 

Total  children's  deaths  in  lints 

182 

224 

187 

593 

Totul  children's  deaths  in  the  first  twelve  months  of  life 

167 

209 

166 

332 

The  mortality  directly  due  to  an  attack  or  attacks  of  malaria  is  small  statis- 
tically and  is  chiefly  in  children.  Figures  are  appended  to  show  this.  Table  XII 
(I.  T.  A.). 

But  to  estimate  the  mortality  from  malaria  is  impossible  directly  and  statis 
ticaUy. 
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We  can  only  see  its  malign  influence  by  a  consideration  of  the  following  : — 

1.    The  general  lowering  of  health,  paving  the  way  for  final  dissolution  under 

another  name — ^in  attacks  of  such  severity  as  should  not  normally  cause  death. 

Such  as : — 

(a)  Dysentery. 

(6)  AnsBmia — General  oedema,  albiuninuria. 

(c)  Sudden  death  from  myocaiditis. 

(d)  Diarrhoea. 

(e)  Choleraic  diarrhoea — so  called. 

(f)  Deaths^  of  mothers  in  pregnancy  and  confinement. 
{g)  Still-bom  children. 

(h)  Marasmus  in  the  first  few  days  or  weeks  of  life, 

(i)  Nephritis    (especially   in    children). 

{jD  Coma — convulsion — cerebral  and  meningeal  condition. 

In  our  daily  round  the  presence  of  malaria  is  only  too  clearly  brought  home 
to  us ;  it  induces  or  complicates  or  carries  in  its  wake  every  disease  that  flesh  is 
heir  to.  The  loss  to  the  work  year  in  and  year  out  is  incalculable,  not  to 
mention  the  indirect  eflects  of  unhappiness  and  discontent  and  longing  to  get 
away. 

EtruphymenL  As  all  coolies  are  roughly  engaged  in  the  same  work  and  under 
the  same  conditions  the  question  of  malarial  incidence  relative  to  the  daily  occupa- 
tion of  the  people  cannot  be  taken  into  consideration  here.  Some,  however, 
of  the  old  coolies  have,  so  to  speak,  retired  and  settling  around  in  little  farms 
become  '  Faltoo, '  i.e.,  work  on  the  gardens  at  irregular  or  fixed  periods  of  the 
year  only.  Statistical  Table  XIII  (I.  T.  A.)  showing  the  malarial  incidence  by 
lines  and  busti  respectively,  and  Table  XIV  (I.  T.  A.)  showing  the  spleen- 
index  of  line  and  busti  population,  might  help  us  to  form  some  idea  of  the 
relative  incidence  of  malaria  amongst  typical  garden-working  coolies  and 
those  living  an  agricultural  life — whether  imported  Indians  or  Assamese.  From 
a  consideration  of  Table  XIII  (I.  T.  A.)  it  is  observed  that  the  malarial  incidence 
of  lines  and  bustis  respectively  works  out  roughly  in  the  poroportion  of  7'4.  If 
we  omit  Sookerating  Garden,  where  the  busti  is  too  small  on  which  to  base  figures  for 
one  year  only,  the  proportion  is  only  7" 3,  which  figures  are  identical  with  results 
obtained  in  working  out  the  respective  health  of  the  lines  and  settlements  three 
years  ago  but  using  an  entirely  different  method.  These  figures  may  be  of  interest 
to  the  tea  industry  in  guiding  managers  in  selecting  methods  and  sites  in  settling 
out  their  labour  forces. 

Caste  and  District  from  which  recruited  : — 

The  incidence  of  malaria  in  relation  to  caste  is  not  easy  to  calculate.  For 
while  it  is  quite  a  simple  matter  to  know  exactly  the  caste  and  district  of  every 
malarial  case  admitted  and  this  is  taken  as  a  routine — it  is  ahnost  impossible  to  know 
the  exact  population  on  every  garden  of  every  caste.    The  sum  totals  which  are 
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known  therefore,  convey  no  exact  knowledge,  in  the  absence  of  data  for  working 
out  the  percentage.  The  writer's  own  impression  is,  and  it  is  only  a  personal 
opinion,  that  the  '  jungle '  tribes  do  well  and  suffer  less  from  malana  when 
they  are  settled  out  in  more  or  less  jungle  settlement  according  to  their  own 
original  customs  and  ideas  ;  this  fact  is  brought  out  in  Table  XIII  (I.  T.  A.)  where 
we  see  the  sm^ll  percentage  of  malaria  in  the  bustis  of  Kobong  (Oorangs) — ^Dangri 
(Mundas  and  Eumas)  Hookanguri  (Mundas)  Hilika  (Kumas  and  Mundas).  This 
type  of  coolie  suffers  equally  with  or  even  more  so  than  other  coolies  when  settled 
in  lines,  furthermore  they  go  down-hill  much  Quicker  under  successive  malarial 
infection  than  do  castes  like  Domes,  Ghassis,  and  '  Ooriahs  '  (so  called).  Chmnars, 
Ghonds,  Panikas  and  Telis  (Central  Provinces).  Ooriahs  (Dholla  garden)  seem  the 
most  liable  to  malarial  infection,  as  judged  by  the  standard  of  ansemia  and  adult 
spleen  rate  that  is  so  noticeable  in  a  pure  Ooriah  labour  force.  But  there  is  this 
striking  difference,  that  whereas  a  Munda  or  Oorang  or  Santal  is  profoundly  ill 
in  hospital  with  a  blood  index  of  50  per  cent,  the  Ooriah  is  gaily  working  on  the 
garden  with  the  same  blood  index,  and  makes  no  complaint.  But  the  Ooriah 
in  health  will  not  do  the  same  task  as  the  Munda  in  health  and  on  this  hangs  the 
successful  working  of  a  garden  with  a  more  or  less  pure  Ooriah  force ;  an  Ooriah 
working  with  Ooriahs  under  an  Ooriah  sirdar  seem  to  be  able  to  withstand  the 
ravages  of  malaria  quite  well,  but  mixed  in  gangs  with  '  jungli '  people  under 
*  jungli '  sirdars  he  goes  under. 

While  the  newly-recruited  coolies  from  any  district  on  arrival  seem  equally 
liable  to  malaria,  the  one  district  that  in  the  writer's  mind  stands  out  as  unsuitable 
to  recruit  from  to  this  area  is  Sambalpur  (Telis  and  Ghonds).  Not  that  these 
people  seem  more  prone  to  malaria  than  any  others,  but  that  they  stand  malarial 
attacks  badly  and  rapidly  go  down-hill  in  consequence,  and  if  they  do  not  succumb 
to  intercurrent  disease,  become  a  burden  to  the  garden.  Those  from  Ganjam 
and  Cuttack  also  deteriorate  badly  under  malarial  attacks  and  become  liable  to 
dysentery  and  other  bowel  complaints. 

Sex,  Men  and  women  adults  seem  equally  affected,  which  is  natural  as  the 
work  and  environment  of  both  is  the  same ;  the  slight  preponderance  of  the 
number  of  women  affected  is  probably  due  to  the  stress  of  pregnancy.  Table  XV 
(I.  T.  A.).  But  the  number  of  deaths  from  malaria  direct  is  greater,  due  to 
the  comphcations  arising  in  and  around  pregnancy  and  child-birth.  Table  XII 
(I.T.A.). 

Age,  The  greatest  age  incidence  is  in  the  first  twelve  months  of  life,  slowly 
falling  up  to  the  age  of  ten  to  twelve  years,  and  markedly  diminishing  after 
puberty  is  attained. 

Statistical  Table  XV  (1.  T.  A.)  illustrates  the  sex  and  age  incidence  for  the 
years  1923 — 1925 ;  by  children  is  meant  those  not  working,  up  to  the  ages  of 
ten  to  twelve  years.  The  tremendous  preponderance  of  malarial  deaths  in  children 
is  to  be  noted.    Table  XII  (I.  T.  A.). 

To  compare  with  this,  Chart  16  (I.  T.  A.)  is  inserted  to  show  the  number 
of  children's  deaths  from  all  causes,  and.  the  number  of  children  that  die  in  the 
first  twelve  months  of  life. 
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To  summarise  these  three  tables  for  two  years  only,  1924  and  1925. 
*  Table  XVI. 


Total  deaths  is  children     . . 

Number  who  died  in  the  first  twelve  months  of  life 

Number  of  deaths  from  malaria 


Race,  No  race  seem  to  enjoy  any  sort  of  immunity  or  even  relative  immunity, 
over  any  other.  Europeans,  Babus,  whether  Indians  or  Assamese,  Marians, 
etc.,  all  are  equally  infected.  European  ladies,  in.  the  writer's  experience,  are  the 
least  liable  to  actual  malarial  attacks,  not  because  of  any  immunity,  but  because 
they  take  greater  care  of  themselves  than  the  man.  One  sequel,  however,  of 
malaria  is  only  seen  in  the  higher  and  fair-skinned  races,  namely,  black-water 
fever ;  the  coolie  seems  inmiune  to  this. 

Tyfes  of  Malaria,  The  writer  has. done  no  consistent  microscopic  work  on 
this  subject  to  enable  any  statement  to  be  made  as  a  fact  based  on  actual  figures. 
But  many  estimations,  however,  have  from  time  to  time  been  made  over  given 
periods  in  separate  hospitals  by  a  consideration  of  the  temperature  charts.  While 
generally  speaking,  there  is  a  small  relative  increase  of  the  benign  tertian  in  the 
early  rains,  the  proportion  throughout  the  year  has  worked  out  roughly  as  70, 
26  and  4  for  sub-tertian,  benign  tertian  and  quartan  respectively.  This  method 
of  calculation  is  open  to  many  objections  as  the  influence  of  quinine  and  mixed 
infections  and  other  complicating  disease  all  confuse  the  picture.  One  other 
fact  that  has  struck  the  writer  is  that  in  the  European  newcomer  the  first  attack 
is  generally  one  of  benign  tertian,  gradually  merging  into  the  sub-tertian  with 
longer  residence. 

Prophylactic  Quir^ine,  In  this  Company  prophylactic  daily  quinine  or  rather 
Cinchona  Ifebrifuge  is  given  to  the  non-working  children  only,  and  only  in  the 
lines  and  not  in  the  bustis.  It  has  been  given  for  the  last  two  years  only  and  that 
for  the  eight  rainy  months,  April  to  November.  It  is  given  in  liquid  form  followed 
by  a  small  Imnp  of  native  sugar.  The  daily  distribution  of  this  prophylactic  quinine 
is  attended  with  great  difl&culty  ;  to  avoid  dislocation  of  labour  and  the  assemblage 
of  women  with  their  children  in  the  morning  or  during  the  working  hours  it  has 
to  be  done  in  the  lines  in  the  early  evening  when  the  day's  work  is  over ;  hence 
the  impossibility  of  giving  it  when  the  days  are  short.  The  Doctor  Babu  and  his 
staff  go  into  the  lines  and  give  it  to  as  many  children  as  they  can  collect  around 
them,  noting  down  the  nimiber,  and  at  the  end  of  every  month  the  percentage 
of  the  number  to  whom  given  to  the  total  number  of  children  in  each  Kne  is  worked 
out.  Considering  the  great  difficulties  attending  such  a  method  of  distribution, 
the  figures  61  67  per  cent  for  the  whole  Company  is  good.    Some  children    run 
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away  on  seeing  the  Doctor  Babu  or  compounders  approach;  some  are  not  ther^, 
being  away  on  errands,  collecting  firewood,  or  tending  cattle  and  the  paddy-fields. 
Again,  with  the  very  limited  garden  medical  staff  it  is  quite  impossible  to  attempt 
to  give  this  quinine  to  more  than  two  lines  per  day,  and  if  the  hospital  work 
happens  to  be  heavy  not  even  two  lines  can  be  vi?ited.  The  bustis  are  quite 
out  of  the  question.  So  if  each  child  gets  prophylactic  quinine  only  three  times 
a  week,  it  is  the  utmost  one  can  do.  As  coolies  do  not  turn  out  to  work  as  early 
as  they  did,  it  is  too  much  to  ask  the  garden  manager  to  collect  all  the  garden 
women  with  their  children  in  one  place  every  morning  so  as  to  ensure  the  proper 
administration  of  quinine  under  adequate  European  supervision.  Unless  under 
European  supervision,  this  prophylactic  distribution  is  a  failure  and  must  be  so, 
and  it  is  a  doubtful  point  whether  the  loss  in  the  working  hours  thus  caused  every 
day  would  be  compensated  by  the  smaller  malarial  incidence,  especially  in  these 
days,  when  with  the  shortage  of  labour,  even  half-an-hour  lost,  is  a  matter  of 
prime  importance  to  the  industry.  And  to  ask  the  European  staff  to  give  an 
extra  hour's  work  in  the  lines  at  the  end  of  a  long  day's  work  is  to  my  mind  also 
impracticable,  especially  when  the  lines  or  settlements  are  a  long  way  off  and 
widely  scattered.  It  must  also  be  remembered  that  the  present  garden  coolie 
is  not  under  the  same  garden  discipline  as  a  few  years  ago,  and  in  the  light  of  the 
average  coolies'  ideas  and  predilections  we  must  still  face  the  hard  fact,  however 
unpleasant  and  discouraging  it  is,  that  the  less  the  medical  work  of  every  sort 
whatsoever  on  a  given  garden,  the  more  popular  this  garden  is ;  and,  as  every 
wise  medical  officer  knows,  the  medical  work  on  an  estate  is  limited  not  by  his 
own  inclinations,  but  by  a  judicious  estimation  of  the  prejudices  of  the  labour 
force.  The  question  of  prophylactic  quinine  has  been  adverted  to  at  length  not 
to  discourage  it,  but  because  there  seems  to  be  much  loose  thinking  on  the  subject, 
not  only  by  laymen,  but  also  by  some  medical  officers,  who  possibly  ignorant 
of  the  inherent  difficulties  surrounding  the  question,  and  the  dislocation  of  labour 
and  time  involved,  the  great  cost  both  directly  and  indirectly,  and  the  possible 
upset  of  a  labour  force,  light-heartily  recommend  it.  With  the  number  of  gardens 
to  be  visited  and  the  distances  to  be  covered,  the  medical  officer  cannot  properly 
supervise  it,  and  herein  lies  the.  weakness  of  the  system — at  least  in  the  tea 
industry. 

In  any  case  the  absolute  value  of  quinine  as  a  prophylactic  is  difficult  to  deter- 
mine. Influenced  by  his  own  war  experience,  the  writer  does  not  believe  in  quinine 
prophylaxis  in  adults  as  a  business  proposition  at  all ;  its  value  is  very  doubtful, 
but  in  the  absence  of  accurate  figures  and  accuracy  in  this  respect  is  most  difficult 
to  get,  one  can  hardly  dogmatise ;  published  figures  based  on  apparently  accurate 
knowledge  and  statistics  seem  to  lead  to  diametrically  opposite  conclusions. 
The  writer  has  more  faith  in  its  value  in  children  ;  this  is,  however,  only  a  personal 
opinion  based  on  general  observation,  and  is  not  supported  by  accurately  compiled 
figures  extending  over  some  years  and  balanced  by  controls.  The  incidence  of 
malaria  on  some  gardens  already  referred  to  makes  a  curious  graph  in  the  last 
five  years  and  by  special  pleading  a  special  case  could  be  made  out  for  the  value 
of  anti-malarial  measures  of  any  sort,  when  in  fact  none  had  been  carried   out* 
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Honesty  of  rniad,  though  essential,  is  very  difficult  in  this  matter.  Though  the 
writer  has  not  given  figures,  the  mortality  of  women  in  pregnancy  labour  and 
after  labour  tells  the  same  sad  tale ;  it  will  be  sufficient  to  bring  it  home  to  any 
one  to  state  the  terrible  fact,  as  seen  from  the  figures  of  five  years,  that  for  every 
himdred  children  bom  six  mothers  die,  and  in  the  vast  majority  of  cases  malaria 
is  the  underlying  cause. 

Some  of  the  tables  of  figures  given  in  this  report  may  seem  out  of  place  in 
a  malarial  survey;  they  may  be  unusual  and  perhaps  generally  unknown;  but 
the  wiiter  feels  that  they  throw  much  light  on  the  general  malarial  incidence, 
and  if  they  help  in  estimating  the  ravages  of  this  '  million  murdering  death ' 
and  so  to  a  determination  to  eradicate  it  they  have  not  been  compiled  in  vain. 

The  figures  deal  largely  with  women  and  children.  Whenever  in  our  history 
those  of  our  race  have  been  collected  together  in  times  of  stress,  the  cry  of  '  save 
the  women  and  children'  has  always  quite  naturally,  somehow,  brought  out 
the  manhood  in  us.    We  are  raising  the  same  cry  now. 

Before  concluding,  the  writer  will,  if  he  be  allowed,  ofier  one  word  of  warning. 
The  tea-growing  areas  and  their  grants,  by  virtue  of  their  great  extent  and  diversity 
of  physical  features  of  even  one  estate,  the  diversity  of  peoples  and  castes  and 
their  deep  ignorance  and  prejudices  and  the  widely  scattered  and  even  constantly 
shifting  population,  and  the  essentially  agricultural  life  of  the  people,  the  tea 
industrial  areas  present  great  difficulties  to  the  anti-malarial  worker.  He  has 
no  real  parallel  in  the  past  for  comparison  and  no  sign-posts  or  landmarks  to  guide 
or  warn  him;  the  difficulties  of  the  task  ahead  are  only  too  obvious  to  those 
fanuliar  with  the  districts,  the  ultimate  result  no  man  can  tell.  Consequently  a 
caution  and  gradual  poUcy  seems  to  be  indicated  at  first;  it  would  seem  that 
after  a  gradual  anti-malarial  survey  has  been  made  of  the  district,  it  could  be  wise 
to  confine  the  actual  anti-malarial  work  at  first  to  one  estate  only  or  possibly  two, 
if  contiguous.  This  work  should  be  absolutely  thorough,  the  best  in  the  light 
of  the  knowledge  acquired  in  the  general  survey ;  accurate  records  of  all  kinds 
pertinent  to  the  matter  should  be  kept,  and  guided  by  these  results  and  by  these 
results  alone,  compared  with  and  augmented  by  similar  work  in  other  districts, 
the  worker  could  proceed  to  wider  measures ;  one  worker  looks  liable  to  be  over- 
whelmed in  the  tackling  of  this  huge  problem  over,  say,  ten  scattered  gardens  in 
one  company. 

Above  all,  knowledge  should  be  pooled  and  placed  at  the  disposal  of  all  workers, 
and  this  can  only  be  done  by  the  whole  tea  industry  uniting  for  this  one  object.  It 
must  be  borne  in  mind  that  no  money  can  buy  the  skilled  anti-malarial  worker 
at  the  present  time;  the  Indian  Government  through  its  Services  cannot  supply 
them,  however  wishful  it  may  be  to  help  and  however  alluring  the  prospect. 
Consequently,  it  behoves  the  industry  to  use  the  few  available  to  the  very  best 
purpose  in  the  interests  of  the  industry  as  a  whole  by  a  wise  combining  of  forces, 
and  by  placing  the  whole  direction  of  the  work  under  a  central  administration. 

In  addition  to  the  statistical  tables  and  graphs  referred  to  in  the  text,  there 
are  appended  (L  T.  A.) : — 
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1.  A  graph  showing  the  relationship  between  malaria  and  black-water 
fever. 

2.  The  general  birth  and  death  percentage  on  all  the  gardens.  In  the 
birth  percentage  still-births  are,  of  course,  not  counted ;  and  in  the  death  percentage 
all  deaths  are  recorded  from  infants,  who  have  breathed,  to  those  of  extreme  old 
age,  all  of  any  sort  whatsoever  who  live  in  the  garden  grants  if  agreement  or  f altoo 
workers. 

3.  Figures  for  each  of  the  tea  garden  separately,  showing : — 

(a)  The  malarial  in-patients  for  1925. 

(b)  The    malarial    in-patients    by    line   and  busti    respectively    for    1925. 

(c)  The  spleen-index  of  children  by  line  and  busti  for  1926. 

(d!)  A  map  of  the  district.    Tea  gardens  under  the  writer's  medical  charge 

are  surrounded  by  a  red  line ;  those  coloured  blue  show  the  gardens 

on  which  one  or  more  cases  of  black-water  fever  have  occurred  in  the 

last  five  years. 

I  wish  to  express  my  thanks  to  W.  E.  H.  Grayburn,   Esq.,  the  Superintendent 

of  the  Grardens,  from  whose  hospitals  these  figures  are  taken,  for  his  kind  permission 

to  use  them  and  for  much  valuable  help  in  many  ways. 

To  Sir  Malcolm  Watson  and  J.  Pringle,  Esq.,  for  their  kind  assent  to  the 
publication  of  Mr.  Scott's  note. 

To  Dr.  Whaley,  my  colleague,  for  his  kindness  and  care  in  working  out  the 
graphs  for  me. 

To  Dr.  Mohendra  Lai  Sen,  of  Dangri  Tea  Estate  Hospital,  for  the  immense 
trouble  he  has  taken  and  the  time  and  care  he  has  given  in  compiling  and 
arranging  and  the  statistics  from  all  ten  gardens  for  five  yeara 
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Enquiry  into  the  Periodic  Variations  of  some  Malaria  Indices. 

An  enquiry  of  this  nature  sometimes  affords  useful  information  concerning 
the  genesis  of  malarial  epidemics.  For  example,  if  it  be  found  that  malaria  case- 
rate  decreases  during  the  rainy  season  one  may  conclude  that  the  stream-breeding 
anophelines  are  an  important  factor  in  the  situation,  and  one  is  immediately 
armed  to  a  certain  extent  for  dealing  with  it ;  the  combat  is  with  the  stream, 
the  back  turned  to  the  swanip.  But  even  if  no  such  useful  infonnation  be 
forthcoming,  data  are  certainly  obtained  for  empirically  forecasting  the  malaria 
future  in  the  locality  and  that,  as  Gill  (1923)  has  pointed  out,  is  of  great  importance 
in  preventive  work. 

The  results  of  our  enquiry  in  these  matters  will  be  submitted  in  two  sections 
dealing  respectively  with  (A)  seasonal  data,  (B)  annual  data,  first  attempting  to 
establish  some  correlation  between  ihe  malarial  indices  and  the  meteorological 
conditions,  and  then  investigating  eome  \nter-correiations  between  the  various 
indices. 

The  conclusions  from  such  a  study  are,  of  course,  subject  to  the  '  errors  of 
random  sampling.'  However,  our  compilations  for  wide  areas  and  long  periods 
having  been  found  not  to  vary,  and  being  corroborative  inter  se  one  may  assume 
that  the  error  has  been  reduced  to  a  minimum  and  we  may  therefore  regard  the 
figures  as  a  standard  for  assessing  the  limitations  to  the  use  of  similar  compilations 
over  small  areas  and  short  periods. 

Secjtion  a. 

The  detailed  results  have  been  tabulated  in  the  Appendices,  but  condensed 
analyses  are  now  submitted  under  the  heading  of  the  several  indices. 

(a)  (6)  The  spleen-index  (see  Appendices   III  A  and  B). 

For  the  whole  of  Assam,  for  the  two  half-yearly  periods,  the  analysis  of  our 
data  in  the  detailed  survey  of  1924  gives  approximately  the  same  reading.  A 
minimum  of  5,932  children  was  examined,  and  the  readings  of  the  quarterly  analysis 
give  the  same  result  (minimum  nimibers  of  children  in  any  quarter,  2,525). 

For  all  practical  purposes  then  the  spleen-index  in  a  large  area  is  not  afiected 
by  seasonal  influences  and  therefore  any  change  which  the  index  undergoes  may  be 
accepted  as  evidence  of  a  corresponding  change  in  some  factor  inducing  malaria 
wh'ch  is  not  of  a  seasonal  nature,  for  example,  a  swamp  being  drained. 

The  variation  in  the  monthly  records  for  the  whole  of  Assam  which  one 
sees  in  the  compilations  must  be  due  to  local  disturbances  the  effects  of  which 
have  not  been  masked  by  examinations  over  longer  periods  (minimum  number 
of  monthly  examinations,  836). 
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These  conclusions  emerge  from  both  the  analysis  of  the  index  of  only  the 
garden-born  children,  and  of  the  garden-born  children  combined  with  the  *  country- 
bom^  recruits. 

Of  the  smaller  areas  in  which  the  analysis  was  made,  the  two  valleys  showed 
no  definite  differentiation  in  the  index  in  either  of  the  two  half-yearly  periods 
(children  examined,  1,250),  but  there  was  definite  variation  at  the  four  seasons  and 
still  more  in  the  monthly  figures. 

The  districts  showed  a  pronounced  variation  even  between  the  half-yearly 
periods,  probably  due  to  the  action  of  some  local  non-seasona'  influence. 

(c)  The  parasite-index  (see  Appendix  HI'. 

The  parasite-index,  unlike  the  spleen-index,  showed  rather  a  wide  variation 
between  the  two  half-yearly  periods.  In  the  August  to  January  period  it  was 
9*4  per  cent  and  in  the  February  to  July  15*4  per  cent. 

This  experience  was  repeated  in  greater  or  less  degree  in  nearly  every 
one  of  the  smaller  areas  (minimum  of  56  children)  in  which  the  index  was 
computed. 

If  we  examine  the  corresponding  figures  for  the  quarterly  periods  (obtained  from 
a  minimmn  number  of  323  children),  we  find  the  lowest  parasitage  in  the 
November  to  January  quarter,  higher  and  higher  in  the  next  two  quarters,  and  then 
a  sudden  drop  in  the  autumn. 

There  was  no  apparent  correlation  in  these  conditions  with  climatic  conditions. 

In  the  few  smaller  areas  for  which  computations  were  made,  the  respective 
figures  became  irregular  and  not  conformable  to  the  standard  set  up  above. 

The  same  reservation  must  be  made  with  regard  to  the  monthly  figures,  which, 
however,  generally  show  a  rather  significant  drop  in  July  which  is  sustained 
through  autumn  and  winter. 

The  parasite-index,  then,  shows  a  definite  variation  at  different  seasons,  which 
is  not  apparently  correlated  with  climatic  conditions. 


(d)  The  hcBtnoglobin-index  {see  Appendices). 
This  index  was  computed  for  only  a  few  estates.    In  them  it  was  found  that 
the  average  hsemoglobinism  of  the  children  during  deini-annual  or  quarterly  periods 
did  not  vary  to  any  appreciable  extent,  the  maximum  difference  being  6*5  per  cent 
(half-yearly)  and  7*5  per  cent  (quarterly  ). 


\,\i 


(e)  (t)  anophelism :  the  anopheUne-index. 
The  total  anophelines  caught  as  larvsB  in  1924  on  all  tea  gardens  during  the 
'  rainy  '  half  of  the  year  were  more  numerous  than  during  the  drier  months,  which 
statement  probably  reflects  the  natural  state  of  affairs,  for  collecting  during  the 
rains  is  attended  by  some  difficulty  and  discouragement  and  in  the  collection  of 
mosquito  larvae  the  human  '  equation '  is  a  considerable  factor  and  comparisons 
odious.  An  analysis,  however,  of  the  larva  catch  all  over  Assam  made  during  the 
various  quarters  of  the  year  showed  that  during  the  active  monsoon  months  larvse 
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were  no  more  prevalent  than  during  the  dry  half  of  the  year :  it  is  the  quarter 
September  to  November  that  is  most  prolific,  a  fact  which  confirms  public  opinion 
in  the  matter. 

{e)  (n)  anapheline  spedes-index. 
We  will  now  consider  in  conjunction  with  the  records  of  previous  observers, 
the  evidence  with  regard  to  each  species  Collected  by  us  in  both  the  preliminary 
survey  (1923)  and  the  detailed  survey  {1924). 

/uligvwms. 

Fry  (1912)  (1914)  found  this  species  in  enormous  numbers  in  winter,  gradually 
increasing  from  August  through  the  autumn  months  and  diminishing  again  in  the 
hot  dry  months. 

Chalam  and  Young  (1922)  from  May  to  November  1921',  found  52,  or  about 
2  per  cent  of  their  total  adult  catch,  and  in  the  winter  months  of  1922-23,  8,  or 
about  14  per  cent. 

Watson  (1924)  during  the  winter  months  January  to  March  captured  an 
enormous  niunber  (2,114),  of  adults,  or  about  94  per  cent  of  his  grand  total. 

Strickland  (1924)  (September  to  November)  in  the  preUminary  survey,  found 
387  breeding  places  of  either  jamesi  or  fuliginosuSy  i.e.,  about  22  per  cent  of  all, 
and  as  only  1  jamesi  bred  out  as  against  48  fuliginosus,  it  may  be  taken  that  the 
catch  was  mainly  fuliginosus. 

In  our  detailed  survey  (1924),  from  June  to  November,  fuliginosus  with 
jamesi  occurred  178  times  and  in  the  dry  half  of  the  year  188  times,  findings  which 
are  quite  consonant  with  the  above-mentioned  records.  Further,  the  quarterly 
records  of  our  survey  strongly  confirm  other  observations,  thus  : — 

June  to  August  . .  . .  . .  43 

September  to  November  . .  . .  . .  135 

December  to  February  . .  . .  . .  132 

March  to  May  . .  66 

They  are  specially  in  accord  with  Fry's  notice  of  the  *  great  autumn  and 
winter  prevalence  of  the  species,'  and  its  decrease  in  the  hot  months. 

It  must  be  observed  that  the  rains  is  its  least  favourable  season,  a  finding 
which  contrasts  with  McCombie  Young's  report  that  in  Shillong  the  species  is 
commonest  during  this  season. 

To  summarise,  we  may  say  that  fuliginosus  is,  in  the  Valley  essentially  a 
cold-weather  species,  and  as  it  occurs  in  Shillong  chiefly  during  the  rains,  it  is 
probably  because  the  rains'  temperature  is  its  optimum. 

jamesi. 
This  species  (one  specimen)  was  captured  by  Strickland  (in  1923)  in  November, 
and  two  more  were  bred  out  from  larvae  (in  1924)  in  June.     However,  some  of  the 
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larvte  identified  as  Juliginoaua  may  have  been  of  this  species,  as  a  diagnosis 
was  not  made.    Nothing  can  be  said  of  its  seasonal  prev^alence. 

aconitvs  (dlbirostria). 

Fry  (1912)  (1914)  says  that  this  seems  to  b?  more  prevalent  in  the  spring. 

Strickland,  in  the  preliminary  survey  in  September  to  November  1923,  found 
34  of  its  breeding  places  or  about  2  per  cent  of  the  total. 

In  our  detailed  survey  we  found  11  during  the  rainy  half-year  and  19  in  th^ 
dry  half. 

The  following  were  the  quarterly  rates  : — 

Period.  aconitus  found. 

June  to  August      ..  ..  ..  2 

September  to  November  ..  ..  ..  9 

December  to  February  . .  . .  . .  10 

March  to  May        .  •  . .  . .  . .  9 

It  would  appear  then  that,  except  for  the  rainy  quarter  when  it  was  compara- 
tively scarce,  it  is  about  equally  prevalent  over  the  year,  but  the  numbers  are 
really  too  small  to  be  of  much  value. 

funestus  (minimus), 

Vry  (1912)  (1914)  expressed  the  opinion  that  this  species  seemed  to  be  more 
prevalent  in  spring,  but  that  '  they  are  so  scarce  that  no  accurate  data  of  their 
seasonal  variation  can  be  given '. 

CSialam  and  Young  (1922)  found  46  adults  or  86  per  cent  of  their  total  in 
December  and  January;  and  1,077  or  45  per  cent,  from  May  to  November. 

Watson  (1924)  captured  137  adults  or  about  6  per  cent  of  his  total  in  January 
and  February. 

Strickland  (1924)  found  102  breeding-places  (i.e.,  about  6  per  cent  of  the  total) 
in  September,  October  and  November. 

Christophers  (1925)  obtained  it  in  considerable  numbers  as  late  as  November, 
after  which  it  '  along  with  other  species,  diminishes. ' 

The  above  records  show  that  there  is  no  month  in  the  year  when  it  is  not 
plentiful  though  it  cannot  be  said  which  months  are  the  most  prolific.  It  is  indeed 
curious  that  with  regard  to  this  species  which  has  been  so  universally  condemned 
so  few  seasonal  data  have  been  collected. 

In  our  main  survey  we  found  8  breeding-places  during  the  rainy  half-year 
and  13  during  the  drier  half,  too  slight  figures  to  be  of  much  value,  but  sufficient 
perhaps  to  indicate  that  the  species  has  no  very  marked  seasonal  variations  in 
prevalence,  with  a  tendency  to  an  increase  in  the  dry  half  of  the  year. 

funestus  finds  no  place  in  Shillong. 

barbirostris. 
Watson  (1924)  captured  only  one  barbirostris  from  January  to  March. 
Strickland  (1924)  from  September  to  December    found    334    breeding-places, 
about  20  per  cent  of  his  total,  and  135  more  of  either  barbirostris  or  hyrcanus. 
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In  our  detailed  survey  we  found  151  harbirostris  breeding-places  during  the 
rainy  half-year,  and  64  during  the  other  half. 
The  quarterly  records  being  as  follows : — 

Periods.  I 

June  to  August  . . 
September  to  November 
December  to  February 
March  to  May     . . 

They  show  that  the  nxaximum  prevalence  is  at  the  onset  of  the  rains,  there 
is  a  decrease  at  their  cessation,  the  minimum  rate  is  during  the  cold  weather  and 
with  the  onset  of  the  hot  dry  months  the  rate  slightly  increases. 

We  may  summarise  that  harbirostris,  a  pool  breeder,  is  essentially  the  species 
which  is  most  prevalent  during  the  rains  and  conclude  that  as  the  pools  dry  up  in 
the  autumn  and  winter  its  numbers  decrease,  the  *  chota-monsoon '  again  bringing 
an  increase. 

hyrcanus  (sinensis), 

Chalam  and  McCombie  Yoimg  (1922)  in  the  period  May  to  November  took 
49  adults  of  this  species  or  about  2*5  per  cent  of  the  total. 

Watson  (1924)  from  January  to  March  got  73  adults,  or  21  per  cent  of  his 
total. 

Strickland's  corresponding  figures  in  the  preliminary  survey  (September  to 
November)  were  325  as  larvae  or  about  20  per  cent  and  in  addition  there  were 
135  which  were  either  hyrcanus  or  barbirostris. 

In  our  detailed  survey  during  1924  we  obtained  484  records  from  June  to 
November  and  308  from  December  to  May,  so  that  it  appears  that  the  rainy 
half  of  the  year  is  more  favourable  than  the  other  half  to  this  species. 

However,   the   quarterly  records  in  the  subjoined  table: — 

Periods.  hyrcanus,  hyrcanus  or 

barbirostris. 

June  to  August  . .  . .  169  13 

September  to  November  . .  . .  376  43 

December  to  February  . .  . .  224  47 

March  to  May    ..  ..  ..  84  18 

show  that  it  is  in  the  months  just  after  the  active  rains  that  the  species  is 
most  prolific :  during  the  rains  it  is  comparatively  scarce.  It  is  also  quite  a  cold 
weather  species,  but  when  the  hot  dry  months  supervene  it  decreases  rapdiy: 
it  is  with  the  onset  of  the  rains  that  it  starts  to  increase. 

For  comparison,  it  may  be  mentioned  that  during  the  rains  in  Shillong  hyreanw 
is  reported  to  be  one  of  the  commonest  species  (Shortt  and  McCombie  Young). 

hyrcanus,  like  fuliginosus,  usually  called  a  swamp  breeder,  may  be  contrasted 
with  this  species,  from  which  it  differs  in  finding  its  optimum  condition  in  autumn 
instead  of  winter.  Nevertheless,  it  must  not  be  forgotten  that  it  is  very  prevalent 
also  in  the  rains,  and  in  the  cold  months. 
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In  Shillong,  tbe  difference  in  the  climate  makes  it  appear  most  prolific  during  the 
rains,  the  conditions  there  in  autunm  approximating  closer  to  those  of  the  valleys. 

karwan. 
This  species  has  not  been  reporded  by  other  workers  in  Assam ;  but  Strickland 
in  the  preliminary  survey  found  17  breeding-places  in  which  the  larvae  were  either 
mactdattis  or  karwa/n.    Two  of  them  eventually  turned  out  to  be  harwari,  and 
some  of  the  others  may  have  been. 

leucosphyrus. 
During  the  preliminary  survey  leucosphyrua  was  taken  on  five  occasioi  f. 
There  have  been  no  other  records  of  it  from  Assam. 

kochi  or  tessdatus. 
There  are  no  records  of  these  species  by  other  Assam  workers. 
Strickland    (1924)  in  the  preliminary  survey  (September  to  November)  found 
84  or  about  5  per  cent  of  his  total  catch  to  be  of  these  species.    Of  them  20  turned 
out  to  be  hx^i  and  2  tesselattis,  the  remainder  equivocal. 

In  the  detailed  survey,  from  June  to  November,  37  were  captured,  and  from 
December  to  May,  9,  so  the  cold  and  dry  hot  months  seem  to  be  inhibitory  to  them. 
The  quarterly  records  were  as  follows : — 

Period.  ^^**  f 

June  to  August          . .  . .  . .  . .  17 

September  to  November  ..  ..  ,.  20 

December  to  February  , .  . .  . .  3 

March  to  May            . .  . .  . .  . .  6 

which  confirms  its  rarity  in  the  cold  months  and  in    the   hot  dry  months,  and 
its  greatest  prevalence  in  the  rains  and  just  after  the  rains. 

kochi  or  tesselattM  then  seems  to  be  dependent  on  the  rainfall.  It,  however, 
does  not  appear  to  decrease  so  rapidly  in  the  autiman  as  does  barbirostris,  the 
common  rain-pool  breeder. 

roast. 

Fry  (1912)  (1914)  stated  that  this  species  *  exists  in  Bengal  in  greater  propor- 
tion in  the  spring  months  and  during  the  rains  than  in  autimui. 

We  can  find  no  record  of  its  capture  by  any  of  the  Assam  workers  except 
McCombie  Young  (1922)  who  notes  that  it  was  chiefly  foimd  in  the  spring  months. 
It  is  possible,  however,  that  McCombie  Young's  reference  was  to  the  conunon  Assam 
species  vagus,  and  that  rossi  is  not  an  Assam  species  at  all. 

pallida  (fowleri,) 
Fry  (1912)  (1914)  reported  this  species  (from  Bengal),  but  it  has  not  been 
found  by  the  Assam  workers. 

*  Probably  inciudiug  vagus. 
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macuUUus. 

McConxbie  Young  (1922)  stated  that  this  species  in  the  larval  state  was  found 
plentifully   chiefly  during  'dry-weather'  conditions. 

Chalam  and  Young  (1922)  found  maculatus  in  October  and  November  1921, 
and  in  1922  from  April  '  onward  '. 

Watson  (1924),  on  the  other  hand,  obtained  many  adult  maadalus  in  1924, 
and  these  from  January  to  March,  about  3  per  cent  of  his  total  catch  in  houses 
being  maculatus.    He  also  found  many  breeding-places. 

Strickland  (1924)  reported  the  catch  of  17  larvsB  of  either  this  species  or 
karwariy  i.e.,  about  0'6  per  cent  of  his  total  catch  during  the  autimm  months, 
September  to  November. 

In  the  detailed  Assam  tea  garden  survey  over  1924,  we  only  obtained  one 
larval  specimen  of  the  species,  and  that  in  April. 

It  will  therefore  be  seen  from  the  above  account  that  all  the  year  through, 
except  during  the  rains  and  December,  max:^datU8  hajs  been  reported  by  one 
author  or  another  thus : — 


Watson. 

McCombie 
Young. 

Cbalam  and 
Young. 

Strickland. 

Strickland 

and 
Ghowdhury. 

January    . . 

X 

February  .. 

X 

March 

X 

X 

^    ::       :: 

X 
X 

X 

June 

July 

AnguBt 

September 

X 

October     .. 

X 

X 

November 

X 

X 

December 

While  December  has  thus  drawn  blank,  nobody  has  reported  looking  for 
it  then :  during  the  rains  its  absence  may  be  accepted  as  a  working  hypothesis, 
especially  as,  from  what  is  known  of  its  biology  and  especially  its  liking  for  pure 
spring  water,  its  normal  breeding-places  would  not  at  this  season  be  in  a  favourable 
condition  {cf.  Perry  (1914)  who  found  a  similar  state  of  affairs  in  the  Jeypore  Hill 
Tracts).  Attention,  however,  must  be  drawn  to  the  fact  that  in  Shillong  while 
the  species  is  most  and  very  prevalent  during  the  hot  dry  months  [as  one  of  us  (C.  S.) 
has  also  found  in  another  submontane  region,  viz.,  the  Kurseonjg  Subdivision],  yet 
it  is  prevalent  also  during  the  rains,  a  fact  which  has  been  noted  by  Shortt  (1924) 
and  McCombie  Young  (1924) :  but  from  the  onset  of  the  rains  till  their  cessation 
and  then  on  Into  the  cold  weather  the  species  gradually  decreases. 

The  contrast  between  Shillong  and  the  valleys  makes  it  possible  that  the 
flush  of  the  rains  is  not  such  an  important  factor  as  has  been  thought.  Temperature 
may  be  a  more  important  factor. 
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The  almost  inverse  difference  in  the  seasonal  prevalence  of  maculalus  in  the 
valleys  and  in  Shillong  has,  it  may  be  said  here,  justified  the  design  in  this 
report  of  only  considering  the  Valley  conditions  in  connection  with  the  tea  garden 
malaria. 

To  summarise,  one  may  say  that  maculatus,  which  is  a  spring-water  breeder 
in  nullahs,  seems  to  occur  in  the  valleys  at  all  times  of  the  year  except  during 
the  rains,  the  spring  appearing  to  be  its  most  prolific  season.  The  flush  of  the* 
rains  is  generally  considered  a  powerful  factor  in  its  natural  control  though 
curiously  in  Shillong  the  rains  seems  to  be  a  time  when  it  is  very  prolific :  and 
temperature  may  possibly  prove  to  be  a  more  important  factor  than  the  amount 
of    rainfall. 

gigas. 

This  species  has  been  generally  presumed  to  be  a  cold-chmate  one  and  a  hill* 
dweller  only,  but  Watson  (1924)  has  found  it  in  the  adult  state  in  the  valley  during 
the  cold  weather  of  1924.    No  other  author  has  found  it. 

We  did  not  find  it  during  either  the  preliminary  or  the  detailed  survey. 

In  Shillong,  McCombie  Young  (1924)  has  pointed  out  that  this  is  a  'cold- 
weather  species ',  though  specimens  may  be  found  up  to  June,  so  the  conclusion 
is  justifiable  that  it  would  probably  not  be  found  in  the  valley  at  any  other  time) 
than  the  cold  weather.  Some  specimens  of  larvsB  which  one  of  us  (C.  S.)  took  down 
the  hill  in  April  1923  expired  en  route  though  some  hyrcanus  in  the  collection 
survived. 

gigas  then  is  a  cold-weather  species  having  a  correspondingly  longer  '  season  * 
in  Shillong  than  in  the  valleys.  In  Shillong,  during  the  rains,  probably  it  is  the 
flushing  out  of  its  breeding-place  which  eradicates  it. 

umbrastM. 

Christophers  adumbrated  the  ultimate  discovery  in  Assam  of  this  species, 
and  Strickland  during  the  preliminary  survey  found  it.  This  was  in  the  month 
of  October  and  more  were  captured  right  up  to  November,  in  all  29  or  about 
1*7  per  cent  of  the  total  catch. 

No  specimen  was  caught  by  us  in  the  detailed  survey  of  1924. 

In  view  of  the  habits  of  this  species,  which  is  a  jungle-pool  breeder,  its  chief 
prevalence  is  probably  during  and  just  after  the  rains,  the  above  statement  o^ 
its  capture,  however,  being  the  only  evidence  so  far  in  support  of  this  probabiUty. 

jeypariensis. 

Fry  (1912)  (1914)  did  not  find  this  species  in  his  Bengal  surveys. 

Nor  did  any  author  writing  in  the  Assam  surveys  record  it  till  Strickland  (1924) 
noted  the  capture  of  one  only  in  November  1923. 

Dr.  Meek  has  since  sent  a  number  of  specimens,  ail  caught  in  August  of  1924 
01    1925. 

These  data,  of  course,  do  not  enable  us  to  make  a  surmise  as  to  its  seasonal 
proclivities. 
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aiikeni. 
Neither  Fry  in  the  Bengal  surveys,  nor  any  of  the  Assam  workers  have  reported 
this  species,  probably  because  they  did  not  look  for  it  in  forest  streams. 

Strickland  (1924)  found  it  on  four  occasions  during  September  to  December  1924. 
In  Shillong,  McCombie  Young  sajrs  that  it  does  not  appear  till  the  end  of  the 
cold  weather. 

culicifacies. 

Fry  (1912)  (1914)  reported  that  this  species  seemed  to  be  more  prevalent  in 
the  spring  months,  i.e.,  about  March  to  June. 

McCombie  Young  (1921)  chiefly  under  '  dry  weather  conditions  '  from  February 
to  May  found  culicifacies  breeding  plentifully. 

Chalam  and  McCombie  Young  (1922)  after  the  break  of  the  rains  found  larvae 
breeding  scantily,  while  from  May  to  November  1922  they  captured  31  adults 
or  about  1  per  cent  of  their  total  catch  in  houses. 

Watson  (1924)  in  January  to  March  did  not  encounter  this  species. 

Strickland  in  the  preliminary  survey  found  no  sj)ecimeiis  of  this  species, 
either  adult  or  larva,  and  no  specimen  of  '  rossi '  larva :  so  this  was  not  a  case 
of  culicifacies  being  misdiagnosed  as  rossi. 

We,  however,  obtained  in  March,  during  the  detailed    survey,  one  specimen. 

To  simmiarise,  Watson  and  Strickland  support  one  another  in  not  finding  the 
species  from  September  to  March  which  is  presumptive  evidence,  in  the  absence 
of  anything  to  the  contrary,  that  at  this  season  it  is  very  rare. 

Fry  and  McCombie  Young  in  their  turn  both  agree  that  the  spring  months, 
say  March  to  May,  are  those  of  maximum  prevalence. 

Chalam  and  McCombie  Young  record  that  after  the  onset  of  the  rains  the  species 
is  scanty  and  the  record  of  31  caught  in  7  months  (including  May,  which  is  one  of 
the  optimmn  spring  months)  does  not  seriously  invalidate  the  conclusion  which 
we  come  to  that  the  species  is  a  spring-month  species  and  not  a  cold  weather  or 
rains  species. 

The  species  like  maculatus  is  usuaUy  found  in  pools  in  the  beds  of  streams 
and  is  therefore  liable  to  be  washed  away  in  the  floods  of  the  rains ;  however,  it 
is  unlike  maculattis  in  that  it  does  not  become  at  all  prevalent  during  the  autumn 
and  cold  months.  It  has  a  much  shorter  season  than  macidaJtus,  probably  because 
it  prefers  pools  of  rain  or  river  water  while  macutatus  prefers  spring  water. 

valgus, 

Chalam  and  Young  (1922)  found  this  species  very  abundant  during  the  rains. 
From  May  to  November  they  captured  1,237  adults,  representing  about  50  per  cent 
of  their  total  catch.  It  was  said  to  have  completely  disappeared  during  the  cold 
and  the  dry  season. 

Watson  (1924),  in  the  cold  months,  caught  only  one  out  of  a  total  catch  of 
2,345  mosquitoes,  tliis  lending  support  to  the  previous  record. 

Strickland  (1924)  reported  the  finding,  during  the  months  September  to 
November,  of  273  larva)  in  a  total  catch  of  1,730  (about  15  per  cent),  a  fact  also 
Misouant  witli  the  preceding  records. 
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In  the  1924  detailed  survey  we  found  in  the  half-year  June  to  November, 
228  breeding-places  or  19*7  per  cent  of  our  total  records,  while  from  December 
to  May  we  took  223  or  25  per  cent,  the  latter  finding  lending  support  to  the  possibility 
that  McCombie  Young's  report  of  rossi  in  the  spring  months  had  really  reference 
to  vagus,  with  which,  of  course,  it  has  son^etimes  been  confused. 

Our  quarterly  catches  of  the  species  are  shown  in  this  table : — 

Number  of 


^®"**^®'  breeding-places. 


June  to  August 
September  to  November 
December  to  February 
March  to  May 


85 
143 

30 
193 


The  smaller  number  found  in  the  cold  months  confirms  particularly  Chalam, 
Young  and  Watson. 

But  the  greatest  nimiber  being  found  in  the  dry  hot  months  does  not  confirm 
Young  and  Chalam  who  have  held  that  the  species  completely  disappears  *  during 
the  dry  season. 

Our  monthly  record  of  breeding-places  supports  the  general  proposition  that 
the  cold  months  are  inhibitory,  while  April  to  May  are  very  favourable,  the  rains 
are  inhibitory  but  with  the  cessation  of  the  rains  the  species  increases  again  slightly 
until  the  cold  weather  slump. 

vagus  being  a  pool  breeder,  usually  in  dirty  water  seems  to  be  affected  by  the 
flush  of  the  rains  when  the  species  undergoes  a  reduction  in  numbers.  It  is  not 
found  to  any  extent  in  the  cold  weather  perhaps  because  the  dirty  pools  have  by 
then  dried  up. 

Summary. 

The  conclusions  which  we  have  come  to  above  regarding  the  seasonal  prevalence 
•  of  each  species  may  be  expressed  in  terms  of  four  groups. 

Group  I. — The  unnter  anophdines ;  comprising  gigas,  fuliginosus,  kyrcanus 
{  =  sinensis)  and  to  a  less  extent  macukUus  (note  the  absence  of  culicifacies). 

Group  II. — The  spring  anophdines ;  macuUUus,  culicifacies  and  vagus  and 
to   a  less  extent   harbirostris. 

Group  III. — The  raim;  harbirostris,  kochi  and  tessdalus  and  to  some  extent 
hyrcanus  and  vagus,  and  probably  umbrosus. 

Group  IV. — The  autumn  group ;  in  which  is  umbrosus  and  hyrcanus  and  to 
a  less  extent  kochi,  tessdalus,  fuliginosus,   maculatus  and  vagus. 

Special  mention  must  be  made  of  aconilus,  funestus  and  jeyporiensis.  We 
found  in  our  detailed  survey  that  aconitus  and  funestus  were  very  similar  from 
the  point  of  view  of  seasonal  prevalence,  so  that  they  may  be  considered 
together.  They  appear  to  be  prolific  all  the  year  round,  decreasing  somewhat  in 
winter,  jeyporiensis  has  not  been  found  often  and  only  during  the  rains  and  the 
autumn.    Fry  in  the  Bengal  survey    said   '  The   Myzomyias    are  so  scaice   that 

*  Probably  a  local  manifestation. 
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no  accurate  data  of  their  seasonal  variation  can  be  given,  though  they  seem  more 
common  in  spring. 

Of  the  species  jafnesiy  kanoariy  leuoo»phyrug  and  ailkeni,  the  records  are  too 
sparse  to  be  of  much  use.  karunm,  however,  is  probably  very  like  maadalus ; 
and  jamesi  like  fuliginosits. 

The  species  rossi  and  pallida  are  probably  not  Assam  species. 

The  percentage  to  total  figures  for  some  of  the  species  in  these  groups  during 
the  seasons  was  as  follows : — 


Gboup  I. — 


Spring     .. 
Summer  (raius) 
Autumn  .. 
Winter     . . 


Group  II.— 


Spring  .. 
Summer  . . 
Autumn  . . 
Winter     . . 


Group  III.— 


Spring  . . 
Summer  .. 
Autumn  .. 
Winter     . . 

Group  IV. — Some  of  the  species  in  this  group  are  shown  above. 


hyrcanus. 

13-4 

20 

9-6 

39-6 

18-4 

43 

28 

47-2 

vagus. 

46-2 

20 

19-5 

6-3 

barbirostris. 

kochi  or 
tesselattu. 

10 

1-4 

213 

4-7 

8-2 

3 

6 

..-. 

{h)  The  case-incidence. 

Appendix   III  C    (h  1--18)  and  III  C  D(hxl). 

The  monthly  case  incidence  on  each  of  three  estates,  Khobang,  Aenakhal 
and  Phulcherra,  has  been  charted  in  Appendix  I,  while  the  incidence  on  many 
other  representative  estates  and  that  shown  in  the  Dibrugarh  Government  Hospital 
records,  has  been  charted  in  Appendix  III  C  (h). 

In  the  charts  there  is  seen  to  be  nearly  always  a  maximum  rise  in  August, 
September  and  October,  after  which  till  March  a  decline  sets  in.  Then  from  this 
time  the  rate  gradually  rises  till  the  maximum  is  reached.  (KamptigowalU, 
Gandicherra,  Sagmootia  or  Dibrugarh  may  be  taken  as  typical,  but  a  comparatively 
high  incidence  in  the  cold  months,,  December  and  January,  does  not  seem  to  be 
uncommon.) 
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The  correlated  climatic  conditions  have  been  shown  in  Appendix  I  and  it 
would  appear  that  the  case-incidence  is  roughly  correlated  with  the  temperature 
and  the  rainfall,  a  rise  of  both  of  which  antedates  the  latter  by  about  two 
months. 

On  the  other  hand,  the  Assam  Administration  Report  of  1880-81  has  it,  that 
while  the  spring  months  had  been  very  wet  the  fever  season  was  marked  by  little 
sickness,  in  fact  there  was  some  sort  of  inversity  between  the  two  events. 

McCJombie  Young  (1922)  talks  about  a  spring  rise  dropping  in  monsoon  months 
to  rise  again  in  the  autumn  as  being  typical  of  Assam  generally,  and  of  Lumding  in 

particular ;     and    again     (1923)   ' a     maximum  in     May    coincides 

with  the  general  wave  of  malarial  incidence  in  the  province, '  from  which  it  appears 
there  is  a  decided  difference  in  the  records  of  Lumding  and  of  Assam  as  a  whole, 
on  one  hand,  and  the  tea  estates  on  the  other. 

Fry,  speaking  for  Bengal,  says  that  while  autumn  is  the  season  of  severe  malaria, 
the  records  of  the  dispensaries  prove  that  the  season  of  new  cases  begins  in  July, 
and  these  apparently  increase  mitil  a  maximum  of  sickness  is  attained  in 
October,  in  which  morbidity  is  at  its  height.  These  conditions  are  what  may  be 
described  as  typical  of  the  tea-garden  malaria-incidence. 

(j)  MortaUty-index. 

The  mortality  rate  has  been  charted  in  the  case  of  a  few  estates  only  but  do 
not,  as  was  to  have  been  expected  with  such  small  numbers,  show  any  definite 
seasonal  incidence  except  in  one  case  where  there  seems  to  have  been  a  sustained 
rise   from  August  to  December. 

District  mortality  rates  from  fever  as  compiled  by  McCombie  Young  (1923 
are  given  in  the  Appendix.  They  all  show  a  definite  peak  at  the  opening 
of  the  rains.  But  these  districts,  it  must  be  recalled,  were  *  kala-azar  districts ' 
and  their  malarial  fever  mortality  rates  may  have  been  largely  vitiated  by  tiiis 
fact.  In  this  connection  it  is  interesting  to  note  in  Fry's  reports  on  Bengal  that 
there  are  two  annual  rises  of  mortality  of  which  one,  in  April,  may  perhaps  be 
due  to  kala-azar.  The  maximum  fever  mortality  was  in  November,  December 
and  January.    No  correlation  with  rainfall  could  be  made  out. 

hiter-carrelations, 

(a)  (6)  The  spleen-ifulex  of  garden  plus  country-bom  children  witfi  the 
spleen-index  of  only  the  garden-born  children. 

The  spleen-index  of  the  garden-born  children  was  found  to  be  about  the  same 
as  that  of  the  recruited  plus  the  garden-bom  children.  That  is,  in  spite  of  the 
number  of  recruits  yearly  being  considerable  (in  the  year  1924-25  about  4  per  cent 
of  the  total  tea-garden  population),  each  group  rapidly  tars  the  other  with  the  same 
brush  as  itself.  For  large  and  quite  small  areas  this  is  generally  found  to  be  the 
case,  even  in  the  monthly  records.  However,  when  one  comes  to  observe  the 
lecoids  of  separate  estates,  it  is  not  invariably  true,  consequently  there  is  a  limit 
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to  its  practical  application,  and  in  taking  the  spleen-index  of  estates  one  must 
separate  the  garden-bom  sheep  from  the  country-bom  lambs. 

(The  correlation  of  the  spleen-index  with  the  morbidity  rate,  etc.,  will  be 
discussed  later.) 

(c)  the  parcuite-index  with  (J)  the  anaphdine-index  with  (A)  case-incidence. 
(The  inter-correlations  will  be  discussed  below.) 

(f)  The  anophdine-index  with  (c)  the  parasite-index. 

Perhaps  one  may  argue  on  the  analogy  of  the  periodicity  of  JUaria  bancrofti 
that  anophelines  or  at  least  the  carrier-species,  and  the  malarial  blood-parasites, 
become  more  prevalent  at  the  same  time. 

(A)  The  case-incidence  mth  (a)  (6)  the  spleen-index. 
We  foimd,  as  stated  above,  that  the  spleen-index  taken  in  two  half-yearly  periods 
did  not  vary  much.  In  the  second  half,  the  index  was  only  a  little  more  than 
2  per  cent  higher,  and  this  was  during  the  most  highly  malarious  months.  It 
seems  remarkable  that  the  ej)idemic  season  should  not  have  been  found  to  exert  a 
greater  effect  on  the  spleen-rate.  Probably,  as  Major  Stewart  suggests,  in  a 
lightly  infected  community  the  malaria  epidemic  season  would  influence  the 
spleen-index  to  a  greater  extent. 

(A) — with   (c)   the  parasite-ind^. 

The  parasite-index  which  we  found  over  quarterly  periods  waa  on  all  fouia 
with  the  rise  and  fall  of  the  epidemic  season. 

The  main  feature  in  the  parasitage  was  the  autumnal  fall  in  the  rate,  this 
being  followed  by  the  winter  decrease  of  malaria ;  and  then  in  winter,  spring  and 
summer  the  gradual  rise  in  the  parasite-rate  followed  by  corresponding  rises  in 
the  malaria-rate  to  produce  the  annual  epidemic. 

(h) — with  if)  {i)  the  total  anophdism. 

Anophelines  are  apparently  less  prevalent  in  the  dry  half  of  the  year  than 
in  the  rainy  half,  which  includes  the  epidemic  season :  therefore  the  rains  do  not 
wash  away  the  carrier  anophelines. 

During  the  quarterly  i^eriocis  (see  Chart  III  A.  h.  f.  (i)  there  is  no  apparent 
correlation  between  the  data,  probably  because  of  the  irregular  covering  of  the 
numbers  of  the  carrying  species  by  non-carrying  species. 

(A) — with  (J)  {ii)  the  anopheline- species. 
If  we  att/cmpt  to  correlate  the  seasonal  prevalence  of  the  different  anopheline 
species  with  the  rise  and  fall  of  the  case  rat<?,  we  must  say  that  our  conclusions 
are  influenced  by  a  premiss  tiiat  s|)ecies  which  are  known  to  be  natural  carriers 
(not  *  laboratory  '  carriers)  elsewhere  may  be  carriers  also  in  Assam,  the  assumption 
being  Justifiable,  for  there  has  never  been  any  evidence  to  the  contrary :  and  bj 
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another    premiss  that  seaso&al  susceptibility  of  masqiiitoes  to  malarial    infection 
is  the  same  for  all  the  species  of  anophelines. 

We  will  now  consider  the  'species  in  the  groups  given  on  page  58  and  we 
show  in  the  table  chart  subjoined  the  case-rate  computed  for  the  quarterly  periods, 
against  the  corresponding  anopheline  species-index. 

The  highest  case-incidence  in  autumn  was  correlated  with  harhirostris,  the 
kocki'tessdatus  group,  and  funestus  and  probably  umbrosus,  the  jeyporiensia  figures 
being  too  slight  to  be  of  any  service. 

The  cold  weather  fever  rate  was  associated  with  umbrosusy  hyrcanuSy  funestus, 
(and  again  jeyporiensis). 

The  lowest  rate  in  spring  with  gigas,  fuliginosus  and  hyrcanus. 
The  rising  incidence  about  the  onset  of  the  rains  with  fnaculcUus  (karwan) 
culiafacies,  vagus,  funestus  and  aconitus. 

Now  we  know  that  of  the  species  here  mentioned  fmiestus,  umhrosus,  tnaculatus, 
cultcifacies  and  aconilus  are  serious  natural  carriers  ( see  'Appendix  III),  and  perhaps 
it  would  be  unnecessary  to  look  beyond  them  for  any  other  causes  of  the  malaria 
in  Assam ;  perhaps  they  only  and  their  relative  seasonal-prevalence  may  explain 
the  high  malaria-rate  in  the  autumn  months,  the  decline,  the  stagnation  and  the 
onset   of   the   epidemic. 

Of  these  malaria  carriers  special  mention  must  be  made  of  funestus  and 
its  associate  dconitus.  The  number  of  its  '  breeding-places '  found  in  comparison 
with  other  species  is  normally  small  but  it  is  a  highly  infective  mosquito,  prevalent 
all  the  year  round,  and  its  domestic  habits  make  it  all  the  more  dangerous.  All 
previous  observers  have  concluded  that  it  is  a  species  which  is  a  very  important 
factor  in  Assam  tea-garden  malaria,  culicifacies  and  maculat'us  are  both  probably 
important  but  show  an  interesting  distinction.  Both  breed  in  pools  in  the  bed 
of  sandy  rivers  and  nullahs  but  whereas  maculatus  is  found  in  the  cold  months, 
not  so  culicifacies.  At  this  season  the  low  fever-rate  is  no  doubt  partly  due 
to  that  reason. 

macuUUus  was  incriminated  by  Watson  as  probably  the  cause  of  much  malaria 
at  Doom  Dooma  and  by  McCombie  Young  at  Pasighat,  while  culicifacies  was 
blamed  by  McCombie  Young  at  Lumding. 

We  perhaps  may  rule  out  of  our  condemnation  aitkeniiy  gigas,  jamesii,  karwari, 
kochi-tesselatus  and  leucosphynts,  on  the  ground  of  their  relative  paucity  of 
numbers  and  because  there  is  no  evidence  that  they  are  malaria-carriers,  karwariy 
however,  in  view  of  its  association  with  niaciilatus,  might  be  investigated  further, 
and  is  probably  commoner  than  is  supposed. 

barbirostris  calls  for  special  consideration,  as  beside  its  enormous  prevalence 
at  the  rise  of  the  annual  epidemic,  it  has  been  proved  susceptible  to  malarial 
infection.  It  is  possible  that  this  species  lias  something  to  do  with  the  annual 
epidemic  and  it  should  certainly  be  enquired  into. 

barbirostris  during  the  preliminary  survey,  was  found  breeding  ca.  400 
times,  as  compared  with  funestus  and  aconitus  ca.  136  times,  wliile  in  the 
detailed  survey  the  relative  figures  were  about   250  to  50.    With  this   relative 
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preponderance  of  barhirostris  it  need  not  have  a  high  infective-rate  to  do  as 
much  damage  as  funesttts,  but  of  course  other  factors,  such  as  *  domesticity,' 
have  to  be  taken  into  account. 

fuliginosus  also  needs  special  consideration  ;  its  enormous  winter  prevalence, 
as  Fry  has  emphasised  in  Bengal,  is  correlated  with 'the  lowest  case-incidence  during 
the  year ;  so  that  in  spite  of  its  undoubted  sporadic  infectivity  it  can  have  but 
little  epidemic  significance  and  might  be  disregarded. 

hyrcanus  like  fuliginosus  is  sp.-^cially  prevalent  in  the  winter  and  associated 
with  the  fever-rate  when  it  is  lowest,  while  in  autumn  it  reaches  its  mAYinmim 
prevalence  while  the  malarial-rate  is  declining.  The  evidence  is  therefore  against 
it  being  a  factor  of  any  importance. 

jeyporiemisy  of  the  susceptibility  of  which  to  infection  there  seems  to  be  little 
evidence,*  should,  in  view  of  the  fact  that  it  is  a  Myzomyia  (sensu  restricto),  be  further 
investigated.  However,  it  appears  to  be  very  rare  in  Assam  and  in  any  case  would 
be  of  only  local  significance. 

The  case-incidence  described  by  McCombie  Young  as  having  two  peaks, 
one  in  April  and  May  and  one  in  the  autumn  (for  example  at  Lumding)  is  obviously 
due  to  peculiarly  local  conditions  of  mosquito  production ;  and  culicifacies  and 
macukUuSy  as  he  infers,  must  be  chiefly  involved.  These  mosquitoes  are  'dry' 
weather  breeders  and  when  the  rains  come  they  are  washed  away.  Other  peculiarly 
local  types  of  case  incidence,  differing  from  Assam  as  a  whole,  would  probably 
always  be  found  due  to  correlated  atypical  mosquito  production,  each  type  of 
case-rate  depending  on   particular  species  of  mosquito  and   their  breeding-places. 

(j)  The  rncrtality -index  with  {h)  the  case-incidence. 

Unfortunately  the  official  figures  for  the  whole  of  Assam  are  not  available, 
as  they  would  probably  throw  some  light  on  the   inter-relations  of  these  indices. 

Vry,  in  Bengal,  found  that  the  sickness-rate  antedated  the  mortality-rate  by 
about   two   months. 

The  evidence  gathered  in  our  year's  survey  is  too  slight  to  be  of  any  value 
but  there  are  indications  in  the  chart  for  Khobang  Tea  Estate  (Appendix  I)  that 
Fry's  experience  in  Bengal  is  the  rule  also  on  the  tea-estates. 

One  should,  then,  following  the  trend  of  the  evidence,  take  special  precautions 
and  adopt  special  treatment  during  the  cold  months  when  the  mortality  rate 
may  be  expected  to  be  highest. 

Section  B. 

The  annual  incidence  of  malaria. 

The  only  data  imder  this  heading  reported  on  here  are  shown  in 
Appendix  III  E  (//)  as  Charts  (1 — 5),  from  which  it  appears  that  the  case -rate 
cannot    be   definitely  correlated  with  any  annual  climatic  condition. 

♦  Recently  annotated  by  Co  veil  from  Ind.  J.  Mtd.  Res.  Memoirs  No.  7,  July,  1927- 
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Fry,  it  may  be  noticed  in  this  section,  sajrs  that  the  year  1908,  in  which  there 
was  a  marked  rise  in  food  prices  in  Bengal,  was  remarkable  for  its  comparatively 
low  mortality,  and  thinks  that  when  prices  go  up  the  people  sell  only  their  surplus 
and  profit  by  the  high  prices  obtained,  an  example  of  what  is  now  called  *  boni- 
fication '. 

However,  it  may  also  be  remarked  that  this  year  was  associated  with  a  very 
low  December  temperature,  a  circumstance  which  in  itself  might  have  accounted 
for  the  low  mortaUty. 

Summary. 

(1)  Seasonal  factors  do  not  influence  the  spleen -index  in  Assam  tea  gardens 
to  any  appreciable  extent. 

(2)  The  parasite-rate  varies  at  the  different  seasons,  the  variation  not  being 
correlated  with  meteorological  conditions. 

(3)  The  haemoglobin.  Uke  the  spleen-index,  does  not  vary  much  between 
different  seasons. 

(4)  Anophelines  are  more  plentiful  during  the  rainy-half  of  the  year  and  of 
this  period  the  months  after  the  active  monsoon  are  most  productive  of 
them. 

(5)  The  different  species  in  relation  to  the  various  seasons  have  been  carefully 
considered,  and  their  classification  into  four  corresponding  groups  definitely 
established. 

(6)  The  case -incidence  in  the  gaidens  differs  from  that  of  Assam  as  a  whole 
as  stated  by  McCombie  Young,  and  forms  a  regular  and  symmetrical  peak  about 
September   or    October. 

(7)  There  was  but  little  evidence  to  show  the  season  of  greatest  malaria 
mortality  on  the  gardens. 

(8)  The  spleen-indices  of  the  garden-bom  children  and  of  the  country-recruited 
children  reach  the  same  level  in  a  short  time.  It  is,  however,  necessary  on  estates 
to  rely  upon  the  index  of  the  garden-born  children  only,  as  an  index  of 
endenxicity. 

(9)  It  is  suggested  that  on  the  analogy  of  the  periodicity  of  FUaria  bancrofti, 
the  malaria-parasites  and  the  carrier  anopheline -species  are  more  prevalent  at 
one  and  the  same  time. 

(10)  The  epidemic  season  does  not  influence  the  spleen -index  to  any 
extent. 

(11)  The  paraaite-index  appears  to  be  correlated  with  the  epidemic 
season. 

(12)  The  correlation  between  the  annual  epidemic  and  the  prevalence  of  the 
various  species  of  anophelines  in  terms  of  the  seasonal  groups  which  were  established 
above  is  discussed.    The  common  malaria  carriers  elsewhere  may  be  incriminated  in 
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Assam,    bafbirostris  may  cause  some    trouble,  but  hyrcanus  and   fuliginosus  can 
be    ruled    out. 

(13)  The  mortality   from   malaria  probably  postdates  the    sickness-rate     by 
about   two   months. 

(U)  The    epidemics    in    various    years    have    not  been  correlated  with  any 
meteorological    conditions. 
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PREFACE. 

In  Part  IV  of  the  Original  Report  was  submitted  a  short  account  of  the 
material  collected  by  the  survey  on  each  garden,  the  accounts  being  given  in  regional 
groups,  at  the  end  of  each  of  these  a  '  discussion  '  being  joined  on  any  points  which 
appeared  to  stand  out  as  of  special  interest.  Then  these  *  group '  conclusions  were 
considered  altogether,  and  further  conclusions  come  to  which  seemM  to  hold  good 
for  each  district;  and  finally  so  also  for  the  two  great  valleys. 

From  this  Beport  the  detailed  account  of  each  estate  with  the  appendices 
have  been  deleted,  but  the  data  will  be  distributed  by  stencilscript  to  the  local 
interests,  or  filed  in  the  office  of  the  Indian  Tea  Association,  Calcutta,  for  reference 
if  required. 

In  what  remains  there  may  be  various  errors,  but  the  import  of  even 
the  most  serious  is  eliminated  in  an  extended  survey  such  as  ours  was.  Even 
false  conclusions  may  have  been  drawn,  though  here  again  fallacies  tend  to  be 
sabmeiged  in  such  an  extended  survey,  i.e.,  if  too  much  stress  is  not  laid  on 
appaienily  exceptional  oocunences.  One  may  draw  false  conclusioDB  on  one  garden 
8,  AB  (    65    )  6 
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one  time  but  not  on  all  gardens  all  the  time.  However,  we  have  thought  it 
wisest  to  base  our  opinions  primarily  on  the  places  of  which  we  ourselves  were 
personally  cognisant,  treating  the  evidence  of  our  field-assistants  as  confirmatory  of 
our  own  hypotheses. 

B.    THE  ASSAM  VALLEY. 
Ba.    Lakhiimpur  District. 

Discussions  on  Groups, 

Ba  1.  Qardens  1  to  6  in  the  Talap  group,  Khobang,  liana,  Talap,  Dangri, 
Tiphuk,  and  Dholla. 

Li  general,  it  may  be  said  that  the  lines  of  these  estates  are  highly  malarious 
if  they  lie  near  to  a  perennially-running  stream  or  to  a  swamp,  but  if,  as  on  Khobang, 
there  is  an  absence  of  such  conditions,  the  malaria-index  is  not  high,  while  Tiphuk 
indicates  that  it  is  the  streams  which  are  malariagenic,  for  on  this  estate  there  is  a 
comparative  absence  of  swamp. 

Ba  2.    Garden  1  in  the  Daisa-nadi  area.    Daisajan. 

One  may  conclude  that  most  of  the  malaria  in  its  malarious  lines  is  derived 
from  the  Jan. 

Ba  3.  Gardens  1  to  7  in  the  Hukanguri  area.  Hukanguri,  Hillika,  Deamoolie^ 
Dbaimuldda,  Becsakopie,  Sookerating,  and  Tara. 

This  group  goes  to  prove  that  the  nearer  lines  are  to  perennial  water  the  more 
malarious  they  are.  Hulas,  which  dry  up  in  the  cold  weather  after  the  rains  are 
over,  are  not  so  dangerous.  Where  the  bed  of  a  river  like  the  Dibru  has  a  number 
of  small  streamlets  draining  away  its  swamps,  there  is  more  malaria  than  there  is 
where  there  is  but  little  swamp  and  few  streamlets.  One  set  of  Unes  on  Tara  would 
support  an  hypothesis  that  jungle  is  particularly  dangerous,  though  the  jungle 
mosquito  umbrosus  was  not  caught  in  the  vicinity. 

Ba  4.    Garden  1  in  the  Hapjan  group.    Hapjan. 

This  estate  is  situated  on  low  banks  but  the  spleen-index  is  nevertheless  very 
high.  There  is  here  probably  a  minimal  amount  of  seepage  along  the  lower  contour 
of  the  banks  and  maculatus  would  therefore  not  be  favoured.  On  the  other  hand  the 
proximity  of  the  lines  to  a  big  grassy  jan,  just  as  in  the  case  of  the  Dibru  river  jan, 
seems  to  be  the  main  exciting  cause  for  the  high  malaria-rate. 

Ba  5.  Gardens  1  to  6  in  the  Dinjan  area.  Panitola,  Nokhroy,  Woodbine, 
Rangagora,  Limbuguri,  and  Kutchujan. 

Looking  broadly  at  the  data  collected  in  this  area  there  is  really  not  a  great 
deal  of  difference  between  the  different  estates.  One  of  us  (C.  S.)  in  1923  obtained 
the  maximum  spleen-index  both  in  the  Hospital  lines,  EamptigowalU,  and  in  the 
Jorai-Norhat  lines  of  the  PanitoUa  home  division.  This  similar  h3rperendemic 
index  all  over  the  group  is  associated  in  var3ring  degrees  with  proximity  to  jungle 
and  thatchy  jans  with  and  without  perennial  water,  khet  land  and  the  Dibru  ForoBt 
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Reserve;    It   is  therefore  impossible  to  assign  definitely  the  part  played    in  the 
malaiiousness  of  the  place  to  any  one  element  of  the  terrain. 

Ba  6.  Gardens  1  to  8  in  the  Dibrugarh-Balijan  group.  Barbaree,  Maijan, 
Rajgarh,  Greenwood,  Nagadhuli,  Hazlebank,  Nahor  and  Balijan. 

The  estates  in  this  group  indicate  that  land  on  the  pathar  level  when  culti- 
vated is  comparatively  harmless  while  swampy  land  is  rather  harmful.  The 
gardens  near  the  Maijan,  which  does  not  carry  perennial  water  and  is  cultivated 
with  paddy,  showed  a  higher  spleen-index,  (in  the  neighbourhood  of  26  per  cent), 
and  this  can  be  only  explained  on  the  assumption  that  swamp  lies  in  and  drains 
away  from  the  Maijan  for  a  sufficiently  long  period  during  the  rains  to  develop  a 
harmful  situation. 

The  gardens  nearer  the  Dibru  River,  as  Dr.  Murphy  has  remarked  (when 
forwarding  certain  indices  for  our  information),  are  definitely  much  more  seriously 
infected  (Nagadhuli  and  Balijan).  Its  valley  is  a  mass  of  swampy  bhil  in  grass,  jungle 
and  a  few  patches  of  paddy. 

A  small  stream  like  the  Dinjan  with  perennial  water  on  the  pathar  level  deve- 
lops about  the  same  low  spleen-index  as  the  considerable  valley  of  the  Maijan. 

Ba  7.    Gardens  1  and  2  south  of  Dibrugarh.    Bibeating  and  Barbarua. 

In  this  group  it  appears  that  lines  adjoining  the  bank  on  which  there  is  no 
natural  perennial  water  and  situated  on  the  pathar  level  are  comparatively  healthy, 
while  a  tank  on  the  bank  is  associated  with  a  much  higher  spleen-index,  though  not 
a  serious  one.  Perhaps  the  tank  does  not  develop  so  much  ill-health  as  the  seepage 
swamps,  which  perhaps  breed  fruumlatus  at  the  foot  of  the  bank.'*' 

Ba  8.  Gardens  1  to  5  near  the  Tingrainadi.  Tingri,  Keyhung,  Dirial,  Hoogri- 
jan,  and  Rajah  Ali. 

The  only  explanation  that  can  be  offered  for  the  comparative  good  health  of 
Rajah  Ali  and  Dirial  is  that  their  lines  do  not  lie  close  to  the  Tingraijan  as  in  the 
case  of  the  other  estates  in  this  part  of  the  district.  Jungle  when  not  with 
perennial  swamp  is  also  proved  not  to  be  of  great  danger. 

Ba  9.    Garden  1  in  the  region  of  the  Disang.    Namrup. 
This  estate  is  instructive  as  showing  the  comparative  benefit   of  having  lines 
on  the  so-called  pathar  level,  as  apposed  to  a  site  on  a  tea  bank. 

Ba  10.  Gardens,  etc.,  1  to  4  in  the  Burhi-Dihing  group.  Makum,  Namdang, 
The  Railway  Sawmills,  and  Digboi. 

This  is  a  very  malarious  group.  The  hulas  on  the  great  tea  bank  at  Marghe- 
rita  do  not  all  carry  perennial  water,  but  when  they  do,  in  their  grassy-edg^  streams 
many  aconilus  and  funestiM  were  caught. 

Another  source  of  infection  is  probably  the  bed  of  the  Burhi-Dihing  and  its 
tributary  the  Makum  Pani,  where  cuUcifacies  was  found  in  pools  left  by  the  receding 
stream. 

♦  Since  writing  the  above.  Dr.  Tudor  Williama  has  informed  me  that  the  bulk  of  the  cooliea 
00  Bftrbarua  do  not  live  near  the  tanii  but  elsevbere. 
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maculatiM  might  be  expected  in  seepage  swamps  anywheie  at  the  fool;  of  the 
great  banks  of  porous  soil  which  constitute  the  tea  land  but  this  species  was  not 
actually  found. 

It  is  instructive  to  note  that  the  sawmills  at  Margherita  showed  not  such  a  high 
splenic-index.  Except  for  the  Dihing  as  a  source  of  infection,  there  was  so  much 
jcAra  and  jungle  in  the  vicinity  that  no  anopheline  had  much  chance  to  '  breed '. 

Ba  11.  Gardens  1  to  3  in  North  Lakhimpur.  Dhoolahat,  Silonabari,  and 
Tonijan. 

The  discovery  of  maoalatus  on  Tonijan  probably  furnishes  a  clue  to  the 
raalariology  of  this  region.  The  streams  coming  down  from  the  hills  leave  pools 
of  clear  water  with  a  bed  of  silt,  an  ideal  bieeding-place  for  this  mosquito,  and 
perhaps  cuUdfacies, 

Conclusions. 

Regarding  Mdbma  in  Lakhimpur  Distrid. 

This  district  is  particularly  interesting  as  it  is  fragmented  by  many  great 
bhils  or  jans  in  various  stages  of  decay  which  have  been  left  by  the  great 
Brahmaputra.  They  dominate  the  local  scenery,  bounded  as  tliey  usually  are  by 
abrupt  banks  on  which  the  tea  estates  are  planted. 

Various  groups  of  these  gardens  which  have  been  examined  have  enabled  us 
to  draw  some  very  definite  conclusions  regarding  a  few  of  the  factors  conducive  to 
malaria. 

Estates  are  invariably  malarious  if  near  perennial  streams  or  swamps,  and 
where  there  is  no  swamp  or  perennial  stream  the  malaria-rate  is  not  high.  Tiphuk 
Tea  Estate  proves  that  streams  per  se  are  malariagenic,  for  here  there  ia  no  swamp 
or  other  passible  source  of  malaria.  Almost  invariably  we  found  that  the  nearer 
lines  are  to  perennial  water  the  more  unhealthy  they  are.  The  comimratively  good 
health  of  Rajah  Ali  and  Diiial  must  be  due  to  the  fact  that  their  lines  are  nowhere 
near  the  Tingraijan.  The  so-caUed  bhils  or  jans  in  this  District  (especially,  it 
was  seen,  in  the  Doom  Dooma  area)  are  very  often  filled  with  unfordable  swanip 
showing  up,  here  and  there,  lenticles  of  higher  groimd  and  overgrown  with  every 
species  of  jungle  and  swamp  vegetation  that  finds  the  particular  conditions  to  suit 
it.  In  these  swamps,  streamlets  loom  up  and  take  shape  marking  out  courses  for 
themselves  and  eventually  unite  to  form  considerable  streams  :  in  these  streamlets 
funedus  and  oconitfM  are  the  common  and  dangerous  malaria  carriers,  while  Sir 
Malcolm  Watson  at  Doom  Doonui  found  numerous  macidatus  living  in  the  seepage 
swamps  or  springs  at  the  foot  of  the  great  bounding  banks  above  which  the  tea  is 
grown. 

Or,  where  the  process  of  extinction  of  the  old  river  beds  has  progressed  to  a 
further  stage,  perhaps  it  is  all  planted  up  with  paddy,  e.g.,  the  Maijan,  and  carries  no 
perennial  water,  and  may  be  only  acting  as  a  temporary  simap  for  the  storm-water 
of  a  very  small  area. 

The  ill-health  of  lines  situated  along  these  bhils  is  a  measure  of  the  number  of 
perennial  streams  and  swamps  in  them.    Dr.  Murphy  in  a  letter  to  one  of  us  noted 
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that  the  nearer  estates  are  to  the  Dibru  River  with  its  grassy  swamps,  jangle  and 
labyrinth  of  stream?  the  more  unhealthy  they  are,  while  Sir  Malcolm  Watson  in 
his  report  on  malaria  at  Doom  Dooma  (1924)  notes  the  same  thing.  An  estate  like 
Sookerating  is  less  malarious  because  there  the  bed  of  the  bhil  is  generally  higher 
and  dryer  and  there  are  fewer  streamlets  and  swamps.  Paddy  cannot  be  grown  in 
deep  swamp,  so  generally  speaking  a  paddy-planted  bhil  or  jan  is  healthier  than 
a  jungly  swampy  one. 

When  one  comes  to  bhils  like  the  Maijan  which  is  largely  planted  with  paddy 
and  carries  no  perennial  water,  acting  merely  as  a  sump  for  the  imniediate  rainfall, 
one  finds  the  health  comparatively  good,  the  spleen-index  being  about  25  per  cent. 
When  comparing  the  harmfulness  of  streams  and  bhils  on  the  pathar  level,  it  was 
interesting  to  note  that  a  small  active  stream  near  to  the  Maijan  seemed  to  be 
responsible  for  about  the  same  spleen-index  as  the  very  much  greater  extent  of  the 
Maijan  itself.  The  same  sort  of  spleen-index  may  be  expected  in  the  neighbourhood 
of  any  swampy  unplantable  ground,  (e.g.,  Borbarrie  Tea  Estate  near  Dibrugarh). 

An  important  observation  was  made  at  Hapjan.  Here  the  lines  lie  imder  the 
influence  of  one  of  these  bad  grassy  swampy  jans  and  have  a  maximal  spleen-index. 
The  notorious  gardens  at  Doom  Dooma  have  no  worse,  in  fact  slightly  better. 
Now  the  Doom  Dooma  gardens  mostly  lie  on  very  high  banks  at  the  foot  of  which, 
at  the  fall  of  the  year,  seepage  swamps  and  with  them  maouUUus  make  their  appear- 
ance, as  Watson  has  reported.  Hapjan,  on  the  other  hand,  lies  on  very  low  banks 
between  its  jans  and  there  can  be  little  or  no  seepage  swamps  anywhere,  with  their 
consequent  vnacuHalus,  The  conclusion  to  be  drawn  is  that  in  the  Doom  Dooma 
gardens  just  as  at  Hapjan  nearly  all  the  trouble  is  probably  coming  from  the  great 
bhils  and  the  influence  of  the  seepage  swamps  at  their  margin  is  negligible.  We 
would  not  for  a  moment  attempt  to  urge  that  the  fnacuUUus  factor  should  be 
oisregarded  and  nothing  done  to  eradicate  it,  but  we  think  that  the  above  truly 
represents  the  relative  importance  of  it  and  the  bhil  factor. 

Estates  planted  on  the  pathar  level  and  surrounded  by  rice  cultivation  were 
found  to  be  comparatively  healthy,  e.g.,  Biheating  with  a  spleen-index  of  about 
6  per  cent,  while  immediately  adjacent  on  the  banks  the  spleen-index  was  higher. 
In  the  pathar  gardens  observed  there  was  no  perennial  water  near,  but  they  were 
exposed  to  any  maouUUus  which  might  have  been  breeding  in  swamps  at  the  foot  of 
neighbouring  banks. 

Tanks,  In  one  garden,  Barbarua,  planted  on  higher  ground  above  the  pathar 
level,  the  only  source  of  a  25  per  cent  spleen-index  which  could  be  ascertained  was 
a  large  tank  round  which  some  lines  were  grouped  in  the  centre  of  the  garden.  We, 
however,  feel  rather  doubtful  whether  there  may  not  have  been  some  other  reason  for 
this  spleen-index,  such,  for  instance,  as  a  seepage  swamp  at  the  foot  of  the  tea  bank. 

Hidas.  Generally  speaking,  the  district  is  so  scarred  by  jans  that  there  b  very 
little  room  or  need  for  hulas  as  drainage  channels,  but  a  few  were  observed  and  notes 
made  concerning  them. 

On  one  estate  some  lines  near  some  hulas  which  only  ran  water  for  a  short  time 
in  the  year  were  very  much  healthier  than  others  situated  alongside  a  big  jan. 
The  spleen-index  near  the  hulas  was  about  60  per  cent. 


Digitized  by 


Google 


70  REPORT  ON  MALARIA  IN  ASSAM  TEA  GARDENS. 

On  an  estate  near  Margherita  there  were  many  hulas  on  the  tea  bank  and, 
some  of  them  ran  perennial  water.  Many  of  them  contained  funestus  and  aamiUis, 
but  the  lines  near  them  with  100  per  cent  spleen-index  were  Ukewise  near  another 
possible  focus  of  infection,  so  that  the  fractional  influence  of  the  hulas  in  tliis  case 
could  not  be  determined. 

Active  Rivers.  Both  Sir  l^ialcolnx  Watson  and  ourselves  have  found  maadatu^ 
in  silted  pools  of  the  Brahmaputra,  but  we  have  had  no  observations  as  to  any  effect 
on  health  such  breeding-places  have  had.  Lt.-Col.  McCombie  Young  at 
Pa<dghat  found  numerous  macuUUtts  in  the  pools  left  among  the  shingle  of  the 
Dihang  Kver. 

Li  North  Lakhimpur  we  found  maculattts  breeding  in  the  silted  streams  of 
some  estates,  while  in  poob  in  the  bed  of  the  great  Dihing  River  at  Margherita  and 
its  tributary  the  Makum  Pani  we  obtained  specimens  of  cididfacies* 

The  silted  or  shingly  beds  of  all  active  rivers  must  be  suspected  of  carnang 
macuUUus  and  culicifacies,  the  former  particularly  where  there  are  springes  of  water 
in  the  bed. 

Jungle.  Many  very  unhealthy  estates  come  into  close  relationship  with  jungle, 
but  there  is  sufficient  to  acooimt  for  their  ill-health  from  the  fact  of  proximity  to 
perennial  streams,  or  swamps,  without  incriminating  the  jungle.  In  the  case  of  the 
estates  along  the  Dibru  River  it  is  probable,  nevertheless,  that  some  of  their  ill- 
health  is  coming  from  the  Dibru  Reserved  Forest,  breeding  umbrosits.  On  the  other 
hand  some  comparatively  healthy  estates  were  observed  which  were  surrounded  by 
forest,  but  in  them  there  was  no  perennial  water,  and  hulas  were  markedly 
absent. 

On  one  estate  we  observed  a  line  surrounded  closely  by  forest  with  a  spleen- 
index  of  about  100  per  cent  and  no  explanation  of  any  sort  for  this  could  be  found 
in  the  time  at  our  disposal. 

Bb.    Sibsaoar  District. 

Discussions  on  groups. 

Bb  1.    Garden  1  in  the  Sibsagar  Sub-division.     Borhat. 

The  malaria  sickness  rate  here  appears  not  to  be  a  serious  matter.  It  may 
be  more  than  a  coincidence  that  the  comparatively  healthy  Tin  lines  Ue  in  relation 
to  jungly  hulas. 

Bb  2.    Gardens  1  and  2  in  the  Janti  River  area.    Boisahabi  and*  Seleng. 

In  this  group  the  splenic-index  was  moderately  high,  except  where,  it  appears, 
the  lines  were  situated  in  closer  relationship  to  the  dhan-khet  land,  the  index  here 
being  lower. 

*  CJompare  the  considerable  silted  stream  at  Lumding  in  which  maculatus  and  cviicifacie* 
are  commonly  found  and  are  probably  responsible  for  the  residual  spleen-index  in  th*«  station  ol 
about  30  per  cent,  now  that  most  of  the  endemic  malaria  has  been  eradicated  by  anti-malarial 
measuroH. 
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Bb  3.    GrardeDs  1  and  2  in  the  Cumamara  circle.    Cinnamara,  and  Dakiajnli. 

The  group  shows  a  moderately  high  endemic  index  without  much  variation. 
On  Cinnamara,  the  garden  is  bounded  by  some  considerable  streams  of  perennial 
water,  and  the  same  is  the  case  with  Dakiajuli. 

Bb  4.  Gardens  1  to  7  in  the  Jorhat  Sub-division  north  of  the  Dholi  River. 
Panbari,  Kataribari,  Mariani,  Dholi,  Eharikatia,  Sycotta  and  Barsycotta. 

An  analysis  of  the  findings  on  the  gardens  of  this  group  leads  to  some  interesting 
conclusions.  Panbari  lines  and  some  lines  on  other  gardens  are  comparatively 
free  from  malaria  and  they  are  placed  on  very  low  banks  practically  surrounded  by 
dhan-khet  land  on  the  pathar  level  and  they  are  near  to  no  permanent  streams. 
Nevertheless,  the  lines  lie  in  some  relation  to  shallow  hulas  of  the  usual  type  which 
run  with  clear  water  in  the  rains,  which  proves  the  comparative  innocuousness  of 
these  hulas. 

Then  comes  Dholi  Estate  which  is  exactly  the  same  with  the  addition  of  a 
perennial  stream  in  the  background  and  it  has  a  higher  index. 

Then  come  other  estates  with  spleen-indices  of  from  30  to  50  per  cent,  all 
more  or  less  ne&t  to  perennial  streams. 

One  or  two  of  the  estates,  e.g.,  Sycotta,  have  no  marked  hulas,  only  drained 
depressions  in  the  tea,  and  their  spleen-indices  vary  from  20  to  50,  according  to  the 
distance  from  a  perennial  stream. 

Bb  5.  Crardens  1  to  5  south  of  the  Dholi  River  in  the  Jorhat  Sub-district. 
Bokahola,  Rangajan,  Helikha,  Nagadhuli  and  Halijuri. 

Bokahola  and  Rangajan  prove  that  the  proximity  of  lines  to  a  perennial 
grassy  stream  is  more  dangerous  than  are  any  hulas  but  that  does  not  necessarily 
lead  to  a  high  spleen-index :  theirs  varied  from  14  to  26  per  cent.  Nagadhuli 
was  in  much  the  same  condition,  except  that  there  was  a  very  long  hula  in  addition 
and  it  had  a  spleen-index  of  about  50. 

It  was  observed  in  this  region  that  tlie  fact  of  lines  being  near  to  undrainod 
jun^e  did  not  lead  to  a  higher  spleen-index. 

Bb  6.  Gardens  1  to  3  in  the  Jorhat  Sub-district  between  the  Easojan  and 
Akyajan.    Titabar,  Matijan  and  Leatakujan. 

This  is  a  very  instructive  group  of  three  rather  small  estates.  In  none  of 
them  is  hula  sculpturing  of  the  surface  of  the  bank  on  which  the  gardens  are  planted 
a  marked  feature,  so  hula  influence  is  probably  negligible.  Then  the  value  of  the 
spleen-index  is  seen  to  be  beautifully  correlated  with  the  distance  of  the  lines  from 
perennial  streams.  An  interesting  point  was  observed  in  this  region  that  a  line 
backed  by  heavy  forest  does  not  necessarily  have  a  high  spleen-index;  (18  per 
cent)  and  it  appeared,  moreover,  in  this  instance  that  a  belt  of  jungle  interposed 
between  a  permanent  breeding-place  and  human  habitations  was  able  to  act  as  some 
protection  to  them. 

Bb  7.    Garden  1  on  the  Naga   Hills  border  of  the  District.    Hunwal. 
One  would  expect  the  spleen-indices  of  lines,  which  lie  so  close  to  a  perennial 
stream  such  as  the  Chuakhati,  to  be  higher. 
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Bb  8.    The  Eakadanga  River  Group.    Mohima,  Daflatdng  and  Chunghee. 

Daflating  and  Chunghee  are  both  rather  similarly  situated  in  relation  to  big 
streams,  but  their  respective  spleen-indioes  are  rather  wide  apart.  The  reason  for 
this  is  not  clear. 

It  is  interesting  to  note  that  the  former  estate  being  planted  on  a  higher  bank 
than  the  latter  has  a  comparatively  lower  spleen-index.  If  there  were  much  seepage 
from  the  bank  breeding  macuUUus,  one  would  expect  a  much  higher  spleen- 
index. 

Bb  9.  Gardens  1  and  2  in  the  Golaghat  Sub-district.  Jamjuri  and 
Dayang. 

The  lines  of  these  estates  have  a  fairly  high  spleen-index  of  about  40  to  60 
per  cent.  This  may  be  due  either  to  the  Dayang  River  which,  however,  is  some 
distance  (one  to  two  miles)  away,  or  to  the  few  small  perennial  streamlets  that  exist 
near  at  hand,  or  to  the  network  of  old  river  beds  and  bhils  and  hulas  which  fragment 
the  gardens.  The  latter,  however,  do  not  carry  permanent  water,  and  to  which 
of  these  elements  in  the  terrain  the  malaria  is  due  or  in  what  proportion  was 
not  determined. 


CONGLUSIONS. 

Regarding  Malaria  in  Sibsagar  DiHrict. 

In  this  district  some  quite  definite  facts  were  elucidated  from  a  consideration 
of  the  findings  in  the  different  groups  of  gardens. 

Those  situated  in  close  relationship  to  dhan-khet  on  the    pathar   level    were ' 
always    healthier    than    others,    and    nevex    had    a    higher    spleen-index    than 
about    20  per  cent,  but  none  of  the  lines  involved  were  near  perennial  streams. 
In    the    dhan-khets    the  common  anophelines  were  JuUginoniSt  harbiroiiris  and 
9inen8%8. 

In  some  of  the  estates  away  from  any  possible  influence  of  perennial  streams 
and  with  lines  showing  such  low  spleen-indices  as  mentioned  above,  the  tea 
was  planted  on  very  low  banks,  sculptured  by  shallow  hulas  in  which  run  a  little 
water  during  the  lains,  while  on  the  other  hand  in  some,  as  at  Daflating,  the  tea 
bank  was  very  hi^  and  abrupt.  The  height  of  the  bank  then  seemed  to  make 
no  appreciable  difference  to  the  incidence  of  malaria,  an  additional  proof  that 
macuUau8  breeding  in  spring  water  seeping  through  such  banks  is  of  no  great 
importance. 

One  of  these  estates  with  a  spleen-index  of  under  15  per  cent  was  about  a  mile 
from  the  Dholinadi,  a  demonstration  of  the  amount  of  harm  that  can  be  expected 
from  a  perennial  stream  at  this  distance. 

As  soon  as  an  estate  otherwise  similar  to  those  above  mentioned  is  placed 
near  a  perennial  stream,  its  spleen-index  is  raised,  e.g.,  Dholi  Tea  Estate.  Spleen- 
indices  of  from  20  to  50  per  cent  are  found  closely  correlated  with  the  distance 
away  from  such  a  stream.    In  this  district  this  correlation  is  particularly  prettily 
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shown  beoause  many  of  the  gardens  aie  scarcely  marked  by  a  hula,  storm  water 
being  carried  oQ.  in  the  slightest  of  depressions  on  the  surface  of  the  land. 

On  the  other  hand  apparently  certain  lines  of  Bokahola,  Rangajan  and  Hunwal 
have  a  spleen-index  considerably  less  than  their  proximity  to  perennial  streams 
would  seem  to  warrant,  and  such  exceptional  occurrences  really  should  be  further 
studied,  as  they  might  be  of  practical  importance. 

HuUm,  Those  estates  with  a  few  lowly  graded  shallow  hulas  bave  a  low 
spleen-index  and  Daflating  with  higher  graded  hulas  on  an  island  of  land  arising 
out  of  the  pathar  has  likewise  but  a  small  spleen-index. 

On  the  other  hand  a  hula  containing  a  well-marked  nullah  which  does  not, 
we  tmderstand,  contain  perennial  water  (Nagadhuli)  seems  capable  of  producing  a 
50  per  cent  spleen-index.  It  stands  to  reason  that  watercourses  vary  in  every  degree 
from  those  in  which  there  is  only  water  during  rainfall  to  those  in  which  water  is 
perennially  running,  the  chief  factor  probably  being  the  amoimt  of  subsoil  water 
taken  up  and  the  time  this  takes  to  flow  away.  A  nullah  carrjdng  water  then  only 
a  little  short  of  pereimially,  may  be  expected  to  cause  nearly  as  much  harm  as  a 
perennial  stream. 

There  is  one  type  of  hula  in  which  the  bed  has  been  scooped  out  sufficiently 
widely  to  be  swampy  or  planted  with  paddy  during  the  rains,  and  lines  near  to  such 
hulas  show  a  spleen-index  of  about  50  per  cent. 

BhUs  are  not  common  in  the  tea  area  of  Sibsagar  District,  but  estates  which 
are  fragmented  by  them  and  are  also  in  close  relationship  to  perermial  streams  show 
rather  a  higher  index  than  would  probably  be  accounted  for  by  the  streams 
alone. 

Jutigle  and  forest  lines  on  estates  near  to  undrained  jungle  did  not  have  a 
higher  spleen-index  than  one  would  expect  if  the  situation  were  opened  up.  In 
fact,  in  one  instance  the  spleen-index  of  a  line  backed  by  heavy  forest  was  only 
10  per  cent. 

In  another  instance  a  belt  of  jungle  interposed  between  a  permanent  breeding- 
place  and  some  lines  seemed  to  act  as  an  efficient  protection  to  them. 

Be.    Darrang  District. 
Discussions  on  groups. 

Be  1.  Gardens  1  to  9  on  the  Redbank.  Hanchara,  Adabari,  Hathibari, 
Paniputa,  Sonajuli,  Namgaon,  Nahorrani*  Rupajooli  and  Kacharigaon. 

A  perusal  of  the  data  shows  that  there  is  a  general  high  endemic  rate  on  all 
these  Redbank  gardens,  a  fact  which  was  brought  to  the  notice  of  one  of  us  (C.  S.) 
by  Dr.  Forsyth  immediately  on  the  arrival  of  the  survey  party  in  these  parts. 

It  is  interesting  to  note,  however,  that  those  gardens  situated  near  the  pathar 
level  were  neither  more  nor  less  malarial  on  the  average  than  those  at  a  distance 
from  it.  Another  point  is  that  nearly  every  line  investigated  was  away  from  any 
possible  influence  of  jungle. 
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Presumably,  therefore,  the  open  hulas  which  sculpture  the  land  everywhere, 
provide  the  sources  of  the  malaria,  and  they  were  found  to  harbour  the  bad  species 
funest'us  and  aconitus  as  well  as  larvee  of  either  TMCulatua  or  karwari  in*  numbers. 
Other  less  or  non-dangerous  species  on  the  Redbank  hulas  were  vagus,  sinensis, 
barbirostris,  fuliginosus  and  kochi. 

The  hulas  and  bhils  on  the  Redbank  are  of  every  type,  from  steep  narrow 
valleyettes  exhibiting  all  active  conditions  (hulas)  even  to  back  flooding  of  their 
lower  ends,  to  broad,  shallow  tracts  which  obviously  represent  moribund  or  dead 
river  beds  (bhils).  No  correlation  could  be  elucidated  between  these  various 
physiographical  details  and  the  slight  variation  in  the  general  spleen-rate,  though 
it  seemed  very  remarkable  that  in  the  moribund  bhils  fuliginosus,  vagus  and  other 
slight  malaria  carriers  were  the  usual  species  while  in  the  hulas  the  malaria  carriers 
were  conmxoner. 

Another  point  which  may  be  mentioned  was  the  occasional  connection  of 
jungle  with  the  malaria  variation  in  different  lines.  Three  lines  the  '  Porja '  and 
'  Hospital '  on  Kacharigaon,  and  '  Tin '  on  Nahorrani,  were  all  in  close  relation  to 
jungle,  but  their  malaria-rates  showed  no  important  variation  from  the  average, 
which,  of  course,  only  proves  that^  probably  the  jungle  was  eqxially  malarious 
with  the  opened-up  land.  Here  we  found  the  notorious  jungle  malaria  carrier 
AnofJides  umbrostts  as  well  as  barbirostris  and  aitkeni.  The  remarks  made  by 
Dr.  Forsyth,  in  his  contribution  in  Part  II,  should  be  specially  perused  in  this 
connection. 

In  conclusion,  it  may  be  said  that  a  special  survey  of  th«  Redbank  gardens 
from  the  point  of  view  of  variations  of  malaria  incidence  in  relation  to  variations 
in  the  physiographical  development  of  the  land  surface  would  be  both  interesting 
and  important. 

Be  1  and  2.  Gardens  showing  transitional  conditions  between  the  Redbank  and 
the   pathar  level.    Katalguri. 

The  lines  No.  7  of  this  estate  were  visited  and  the  children  showed  an  index 
of  60  per  cent.  The  conditions  were  intermediate  in  type  between  those  on  the 
Redbank  and  on  the  pathar  level,  and  very  definite  hulas  were  present.  The 
spleen-index,  it  will  be  noted,  approximated  to  those  usual  on  the  former. 

Be  2.    Gardens  1  and  2  on  the  pathar  level.    Katalguri  and  Bindukuri. 
Dr.  Bentley's  spleen-indices  for  gardens  in  this  group  some  years  back  were  as 
follows : — 

Katalguri     9  per  cent 

Bindukuri    8  per  cent 

So  that  it  appears  that  a  higher  endemic  index  has  now  been  reached  than 
formerly. 

A  possible  reason  for  the  increase  on  Katalguri  ia  that  the  lines  as  examined 
b^  Dr.  Bentley  were  perhaps  not  where  they  now  are.  The  Burra  lines,  as  examined 
by  one  of  us  (C.  S.),  were  not  a  great  distance  from  the  Redbank  and  possibly 
sufEered  from  this  circumstance. 
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The  mosquitoes  found  here  on  the  neighbouring  pathar  were  harbirostris, 
fidiffinosiis  and  sinensis  and  on  similar  rice  land  elsewhere  in  Darrang  District  we 
never  obtained  any  malaria  carriers.  Dr.  Bentley's  figures  are  probably  more  truly 
representative  of  the  pathar  level  than  ours.* 

Be  3.    Grardens  1  to  3.    Panarihat,   Dimakuchi  and  Kharkaria. 
Nothing  of  value  can  be  deduced  from  these  observations. 

Be  4.    Localities  1  to  3  in  the  Balipara  Frontier  Tract. 

(1)  Chardwar. 

This  is  the  Political  Officer's  headquarters.  His  bungalow  was  formerly  so 
unhealthy  that  it  had  to  be  abandoned,  but  Captain  Nevill  had  the  surrounding 
jungle  cleared  for  a  distance  of  about  a  quarter  of  a  mile  and  the  site  has  since  been 
comparatively  healthy. 

It  lies  on  what  may  be  called  the  pathar  level  of  the  Bhareli  River  and  some 
of  the  land  previously  under  jungle  which  was  cleared  was  the  so-called  *  kurkarni- 
mati,'  the  humps  and  hollows  of  which  would  naturally  be  productive  of  numerous 
anophelines.  The  pools  of  water  so  encouraged,  however,  soon  dry  up  after  the 
rains. 

(2)  Daphla  changs  near  to  Lokra, 

These  changs  were  built  on  dry  ground  cleared  and  reclaimed  from  the  jungle. 
Though  quite  buried  in  the  jungle,  they  were  not  very  far  from  poor  fields  of  rice 
cultivated  by  the  Daphla  folk. 

These  people  were  terribly  disease-stricken  (Fig.  5)  and  showed  a  spleen-index  in 
11  children  of  100  per  cent,  in  each  case  the  spleen  being  near  the  umbilicus. 

In  the  jungle  roundabout,  which  lay  on  '  kurkamimati '  at  any  rate  in  some 
patches,  umbrosus  larvae  were  foimd  in  some  numbers,  with  barbirostris  {see 
Strickland  1923,  corr.),  and  may  be  presumed  to  have  been  the  cause  of  the  high 
malaria  rate. 

(3)  Lokra. 

Captain  Wright,  i.a.,  o.c,  the  2nd  Assam  Rifles,  at  Lokra,  has  been  good  enough 
to  send  one  of  us  (C.  S.)  some  information  with  a  plan  which  is  not  here  shown  f 
regarding  the  health  of  his  command.  This  is  reported  to  be  good,  at  any  rate 
much  better  than  at  Kohima,  Ajal,  Manipur,  or  Sadiya  where  the  other  battalions 
are,  nevertheless  there  is  an  increase  of  hospital  admissions  for  fever  after  return  of 
the  outposts  on  April  15th  and  the  malaria  season  then  lasts  till  September.  The 
spleen-index  of  the  children  in  the  camp  was  given  as  5  per  cent  (number  not  stated). 
This  camp  is  interesting  because  it  is  adjacent  to  the  jungle  in  which  the  species 
umbrosus  was  first  found  and  it  is  important  to  note  that  men  and  children  appear 
not  to  suffer  much  in  health,  probably  because  the  clearing  is  wide  enough  to  obviate 

•  Since  this  was  written,  T  have  come  to  the  conclusion  that  our  figures  are  not  abnormal — 
(C.  S.). 

t  Filed  for  reference  at  the  office  of  the  I.  T.  A.,  Calcutta. 
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any  harm.    If  all  the  jungle  hereabouts  were  cleared,  the  site  of  the  camp  would  be 
considered  to  be  at  pathar  level. 

The  differences  evinced  between  these  places  resolve  themselves  mainly  into  a 
matter  of  the  amount  of  jungle  here  and  there.  They  all  lie  on  the  so-called  pathar 
level  which  seems  to  be  specially  subject  to  the  formation  of  *  kurkamimati '  with 
its  consequent  breeding-places  for  mosquitoes. 

The  Daphlas  closely  surrounded  by  jungle  are  very  highly  infected,  while  the 
station  at  Chardwar  after  being  cleared,  and  the  camp  at   Lokra    have  enjoyed 


Fio.  5. — ^These  people  are  terribly  diseMe-stricken. 

fairly  good  health.    Chardwar  is   near  a  big    stream  and  the   relation  of  this  to 
anophelines  was  not  ascertained. 

In  connection  with  our  visit  to  the  Balipara  Frontier  Tract,  one  of  us  (C.  8.) 
wishes  to  express  his  best  thanks  to  the  Political  Officer,  Captain  Nevill,  i.p.,  for  his 
help  received. 

Conclusions. 

Regarding  Malaria  in  Darrang  District. 
It  is  not  right  perhaps  to  claim  any  conclusions  drawn  from  but  one  of    the 
three  divisions  of  the  district  as  applicable  to  the  whole.    Only  the  central  division 
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was  thoroughly  investigated  and  it  cannot  even  be  said  whether  this  is,  or  is  not, 
typical  of  the  whole. 

One  most  important  fact  was  elucidated  here,  that  jungle  is  potentially 
dangerous.  The  jungle  species  umbrosus  was  discovered  in  pools  and  in  a  bhil, 
under  the  jungle,  and  evidences  of  its  depredations  were  obtained.  The  fact  that 
certain  cooly  lines  situated  at  the  edge  of  jungle  were  approximately  as  malarious 
as  those  in  a  corresponding  situation  where  there  was  no  jungle  proves  that  the 
two  conditions  are  much  the  same  from  a  malaria  point  of  view. 

It  was  also  seen  on  the  pathar  level  how  clearing  the  jungle  for  some  distance 
round  hmnan  habitations  was  a  very  effective  anti-malarial  method,  as  Watson  so 
clearly  showed  in  Malaya.  The  pathar  land  is  very  subject  to  the  formation  of 
what  is  called  phonetically  '  kurkarnimati,'  among  the  excrescences  of  which 
pools  of  water  are  very  apt  to  He  and  if  under  jungle  '  breed  *  umbrosus. 

The  tea  estates  in  this  part  of  the  district  are  well  known  to  have  a  very  different 
malaria  rate  on  the  Redbank  and  on  the  pathar  leveL  The  spleen-indices 
which  one  of  us  (C.  S.)  took  amply  confirmed  this  view — those  obtained  on  the 
Redbank  and  even  down  below  when  not  far  from  the  bank  were  universally 
high  while  on  the  pathar  the  garden-born  children  showed  an  index  of  round 
25  per  cent. 

In  the  hulas  which  sculpture  the  surface  of  the  Redbank  everywhere  were 
always  to  be  foimd  funestus  and  aconitus,  and  larvsB  which  might  have  been  either 
kanvari  or  maculatus ;  while  on  the  pathar-level  no  malaria  carriers  were  found. 

It  was  not  ascertained  to  what  extent  the  Redbank  is  supplied  with  perennial 
streams,  but  probably  most  of  the  hulas  only  run  during  the  rains  and  in  the 
autumn. 

The  gardens  at  the  edge  of  the  great  bank  to  the  east  overlooking  the  Barelli 
stream  were  certaiilly  no  more  malarious  than  those  on  the  bank  away  from  its 
edge.  This  proves  that  mosquitoes  (usually  maculatus)  breeding  at  the  foot  of  the 
khud,  in  the  spring  pools  there,  are  no  more  dangerous  than  those  breeding  on  top 
of  the  bank.  The  hulas  on  the  bank  are  very  often  cultivated  with  small  fields 
of  paddy  and  the  spill  water  usually  collected  into  a  central  stream,  in  which  funestus 
is  very  prolific.  In  hulas  under  grass  and  swampy  dirty  water  it  was  not  so  easy  to 
find  pathogenic  mosquitoas  as  in  those  under  paddy.  Similarly  in  a  bhU  of  stagnant 
water  malaria-carrying  mosquitoes  were  not  found. 

Bd,    Nowgong  District. 
Discussions  on  group. 

Bd.  1.  Gardens  1  to  10.  Rangimatti,  New  Salana  Tea  Estate,  Lengteng 
Tea  Estate,  Jangobabusti,  Kellyden,  Meesa,  Amluckie,  Borghat,  Sikini  and 
Sagmootia. 

The  estates  which  were  examined  in  Nowgong  District  are  here  not  grouped, 
as  it  seems  difficult  to  find  a  formula  to  warrant  such  a  procedure. 

They  aD  lie  between  the  foot  of  the  Naga  Hills  and  the  busti  khet  land  of  the 
Kaiang  loop  of  the  Brahmaputra. 
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Generally  speaking  the  region  is  very  involved  in  jungle,  interspersed  every- 
where with  patches  of  grass  land,  permanent  swamp,  wet  paddy,  or  aush-dhan.  The 
natural  features  which  present  themselves  are  not  bold  enough  to  enable  one  to 
connect  them  with  the  relative  amount  of  malaria  thereabouts. 

This  area  has  been  in  the  past  very  seriously  affected  with  kala-azar,  but 
Dr.  Dodds-Prioe  has  now  got  this  disease  well  under  control  and  on  no  estate  can 
it  be  considered  to  have  had  any  influence  on  tlie  spleen-indices  which  were  obtained 
(see  Dodds-Price  and  Strickland,  1925).  The  gardens  near  the  hills  showed  a  very 
high  spleen-index.  If  one  may  venture  an  opinion  regarding  the  malaria  on  Meesa 
and  Amluckie  on  the  evidence  so  far  adduced,  it  is  that  the  hulas  cause  their  high 
splenic-indices,  while  in  places  like  Rangimatti  and  Jengdoba  the  expansive 
permanent  swamp  is  probably  very  dangerous.  At  Amluckie  the  hulas  are  parti- 
cularly shallow  and  near  the  pathar-level  the  spleen-index  was  only  moderately 
high. 

Conclusions. 

Re{farding  Malaria  in  the  Nowgong  District. 

There  are,  comparatively  speaking,  not  many  estates  in  Nowgong  District, 
but  a  good  sample  was  visited  during  the  preliminary  survey  and  thoroughly 
examined. 

The  natural  features  of  these  estates  are  more  or  less  jig^awed  into  each  picture 
and  are  not,  therefore,  as  said  above,  bold  enough  to  warrant  one  in  comiecting 
any  of  them  with  the  incidence  of  malaria. 

It  is  important  to  note,  however,  that  in  a  bhil  here  in  one  of  the  reserved 
forests  umbrosus  was  found  and  as  there  is  a  good  deal  of  jungle  about  the  tea 
gardens  probably  it  is  causing  some  mischief. 

A  characteristic  feature  was  the  enormous  numbers  of  barbirostris  caught  in 
the  district,  as  one  would  expect  in  such  a  jungly  region.  At  the  same  time  in 
even  the  most  jungly  of  gardens  there  was  never  any  difficulty  in  obtaining  funestus 
from  the  human  habitations,  though  very  few  of  their  larval  habitats  were  found. 

The  spleen-indices  of  gardens  like  Sikini  and  Sagmootia  which  lie  up  against 
the  hills  and  not  in  close  relation  to  swamp  and  are  marked  by  hulas  which  do  not 
carry  permanent  water  are  very  high.  Estates  like  Amluckie  that  have  their  lines 
near  to  the  pathar-level  though  also  near  to  shallow  hulas  have  a  lower  index, 
while  those  like  Rangimatti  which  are  mixed  up  with  permanent  hill-foot  swamp 
partly  converted  to  paddy  cultivation  are  very  malarious,  and  in  the  latter  funestus 
is  very  prolific. 

Malaria  in  the  Assam  Valley. 

Active  rivers.  A  great  river  like  the  Brahmaputra  is  apparently  not  associated 
with  any  serious  malaria  in  those  living  near  to  it.  Its  bed  and  banks  are  composed 
of  a  fine  silt  on  which  at  the  cessation  of  the  rains  as  the  river  goes  down  poob 
for  a  time  persist,  maculalus  being  found  in  them  (Fig.  6). 

A  river  of  the  second  magnitude,  e.g.,  the  Dihang  at  Pasighat  (McCombie  Toung) 
which  is   strewn  with  boulders,  is  a   favourite  breeding-place    for  maculatus  and 
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responsible  for  a  high  malaria  rate  :  and  on  the  great  Dihing  at  Margherita  in  pools 
lying  on  its  bed  we  obtained  cidicifacies. 

In  rivers  of  the  third  magnitude  (Fig.  7),  e.g.,  the  Makum  Pani  tributary  to 
the  Dihang,  or  the  Horn  Langpher  at  Lumding,  cuUdfacies  and  macuUUtis  may 
be  found  in  pools  left  by  the  receding  floods,  and  in  the  case  of  the  last  place  the 
amount  of  malaria  caused  by  such  a  site  has  been  measured  and  is  about  30  per  cent. 
This  estimate  was  made  possible  by  the  fact  that  at  least  most  other  possible 
sources  of  infection  have  been  ehminated  by  thorough  anti-malarial  operations. 
The  naalarial  incidence  for  which  these    rivers  are   responsible  is  therefore  variable 


Fig.  6. — As  the  river  goes  down,  pools  for  a  time  persist. 

and  is  probably  dependent  on  the  recession  of  the  waters.  A  river  filled  with 
boulders  provides  more  breeding-places  than  one  filled  with  silt,  other  things  being 
equal  and  is  therefore  more  dangerous.  Also  other  things  being  equal,  e.g.,  the 
character  of  the  texture  oi  the  bed  of  the  river,  the  smaller  the  stream  the  more 
malarious  it  probably  is. 

Perennial  streamlets  are  invariably  associated  with  a  high  spleen-index,  which 
is  proportional  to  the  proximity  of  the  habitation  to  the  stream.  In  this  the 
dangerous  malaria-carriers  funestus  and  aconitus  are  invariably  found  in 
abundance.  The  evidence  for  this  conclusion  was  very  strong  in  Sibsagar  District,* 
where  possible  sources  of  malaria  other  than  streamlets  could  very  often  be  completely 
excluded.  In  Tezpur  Sub-District  we  could  not  so  definitely  ascribe  the  high  malaria 
rate  of  the  Redbank  gardens  to  the  perennial  streamlets  as  opposed  to  other  elements  in 
the  situation  :  there  was  some  doubt  in  our  mind  as  to  which  streams  run  perennially. 

*  On  one  or  two  estates,  the  spleen-index  of  lines  near  to  such  streams  had  very  much  smaller 
■pleen-iudices  than  one  expected.  Perhaps  in  these  cases  the  spleen-index  was  not  correctly 
recorded  by  the  sub-as^istaut  in  charge. 
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BhUs* — ^when  under  jungle  or  forest,  discovered  in  them  umbrosiis,  and  this 
must  be  the  potential  danger  of  jungly  country.  Probably  on  high  ground  where 
the  rivers  and  streams  are  active,  there  is  not  much  danger  from  utnbrosus  which, 
as  stated  elsewhere,  is  a  still-water  mosquito. 

Bhils  in  some  instances  from  which  the  influence  of  nearby  perennial  streams 
could  not  be  dissociateiseemed  to  augment  the  spleen-index  above  what  one  would 
expect  would  be  caused  by  the  streams  alone. 

Jans  and  bhils  in  the  making  are  seen  in  Lakhimpur  District  in  every  stage 
of  their  life-history.  In  so  far  as  they  carry  one  or  more  grassy-edged  perennial 
streams  in  their  beds  they  are  more  or  less  malarious.  Also  other  elements  in 
their  constitution  must  be  considered,  owing  to  the  fact  that  their  grade  is  usually 
low,  and  their  outlet  more  or  less  silted  up,  the  drainage  of  their  catchment  area 
accumulates  in  them  and  forms  a  swamp.    The  influence  of  the  swamp  probably 


Fio.  7. — ^Rivers  of  the  third  magnitude. 

depends  on  the  rate  with  which  the  water  is  streaming  through  it  and  its  permanency, 
yet  it  is  never  so  easy  to  find  funestus  in  the  swamp  as  it  is  in  the  streams :  on  the 
other  hand  its  extent  is  vastly  greater.  If  the  swamp  be  too  deep,  paddy  cannot  be 
planted  in  it,  but  in  the  slightly  higher  parts  every  available  patch  is  cultivated. 
Evidence  was  obtained  that  a  jan  in  which  there  was  less  swamp  and  more  paddy, 
e.g.,  at  Sookerating,  was  associated  with  less  malaria  than  a  jan  which  was  a  morass 
of  wild  vegetation,  but  it  could  not  of  course  be  said  that  this  higher  malaria  rate 
was  not  due  to  more  streamlets  just  as  much  as  to  more  swamp.  Another  element 
in  the  situation  is  the  seepage  swamp  at  the  foot  of  the  banks  which  limit  the 
jan,  but  only  if  these  banks  are  high  enough  to  provide  a  sufficient  filter  bed.    Sir 

*  Defined  as  having  no  or  but  slight  surface  outlet  for  their  drainage  system. 
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Malcolm  Watson  found  numeroas  viaculatus  breeding  in  such  swamps,  and  these 
might  be  expected  to  cause  even  considerable  harm.  However,  the  matter  vnW 
be  further  discussed  below.  Sometimes  the  jan  is  practically  dry  all  the  year 
round  and  is  really  a  bhil  as  defined  above.  Such  a  jan,  e.g.,  the  Maijan,  acts 
merely  as  sump  for  a  limited  catchment  area  and  in  it  paddy  is  extensively  planted. 
It  is  very  difficult  to  find  any  pathogenic  anophelines  in  such  places  but  they  are 
associated  with  a  lowish  spleen-index  of  not  more  than  25  per  cent. 

Hulas,  Shallow  low-graded  hulas  and  also  sometimes  highly-graded  hulas 
may  exist  on  estates  which  have  a  low  spleen-index,  while  on  many  estates  with 
a  very  high  spleen-index  there  are  many  hulas  in  wliich  may  be  found  funestus, 
aconitus  and  either  maculalus  or  harwari.  There  is  some  evidence,  however,  that 
these  high  spleen  indices  are  caused  rather  by  perennial  hulas.  On  one  very 
malarious  estate  the  healthiest  lines  by  far  were  situated  near  a  hula  and  far  from 
any  permanent  stream. 

Swamps,  The  influence  of  swamps  has  been  already  hinted  at  above  in  so  far 
as  they  are  related  to  the  features  of  the  landscape  which  we  have  already  discussed, 
but  such  permanent  swamps  as  are  found  in  places  at  the  foot  of  the  Naga  Hills, 
in  Nowgong  District,  do  not  seem  to  owe  their  origin  to  any  river  bed,  but  merely 
to  considerable  seepages  from  the  hills  behind  (Fig.  8).  The  spleen-indices  in  their 
proximity  are  very  high  (round  100  per  cent). 

Spring-breeding  anaphdines.  We  have  referred  above  to  the  occurrence  of 
macukUtis  in  springs  at  the  base  of  the  high  banks  which  delimit  the  jans,  and  the 
problem  now  to  be  considered  is  to  what  extent  is  this  species  a  serious  menace 
to  the  estates.  That  a  single  specimen  is  undesirable  must  be  admitted,  but  one 
must  at  the  same  time  not  neglect  other  and  perhaps  more  important  factors. 

In  the  first  place,  the  relative  proportion  of  this  species  to  the  others  over 
the  whole  of  Assam  was  extremely  low.  In  the  preliminary  survey,  out  of  2,774 
specimens  only  2  were  certainly  niaculcUus,  while  15  were  either  macuUUtis  or  other 
species  indistinguishable  from  it,  while  in  the  detailed  survey  there  was  only 
1  possibility  out  of  2,049. 

If,  therefore,  on  any  estate  niaculatus  can  be  found  in  large  numbers,  the  occurrence 
must  be  adjudged  a  purely  local  one  probably  due  to  peculiarly  suitable  conditions. 

In  this  connection  reference  may  be  made  to  what  was  written  on  pages 
II — 12  under  maculatus. 

There  is  much  evidence  from  all  over  Assam  that  maculatus  is  not  a  very 
important  factor.  Thus  where  lines  are  situated  on  a  low  bank  near  a  big  jan^ 
e.g.,  Hapjan,  and  there  is  presumably  a  minimal  amount  of  surface  seepage,  and 
therefore  of  macidatusy  malaria  may  produce  a  spleen-index  of  100  per  cent ;  so  it 
may  be  fairly  argued  that  a  (lower)  spleen-index  near  to  a  big  jan  in  lines  on  a 
high  bank  below  which  is  much  swamp  and  opportunities  for  maculutus  to  grow, 
(e.g.,  at  Beesakopie),  may  be  equally  due  entirely  to  the  influence  of  the  jan. 

Then  there  are  many  estates  planted  on  sites  near  to  high  banks  at  the  foot 
of  which  there  could  have  been  no  lack  of  seepage,  but  which  were  nevertheless 
very  healthy. 
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And  again  estates  otherwise  similarly  eituated  away  from  any  obvious  source 
of  malaria  except  that  one  might  be  on  a  hi^  bank  and  another  on  a  low  had 
approximately  the  same  low  spleen-index. 

Or  gardens  situated  on  and  at  the  margin  of  a  great  bank  like  the  Tezpur 
Redbank  had  no  higher  spleen-index  than  those  away  from  the  edge  of  the 
bank. 

The  evidence  is  therefore  considerable  that  seepage  swamps  at  the  foot  of  the 
banks  and  terraces  on  which  tea  is  planted  has  no  noticeable  effect  on  the  malaria- 
rate. 

Jungle.  The  species  umbrosus  was  found  in  the  jungles  of  the  Assam  valleys 
in  borrow-pits  and  in  bhils.    Moreover,  evidence  of  its  ravages  was  obtained.    Its 


r 
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Fig.  8. — Swamps  owe  their  origin  to  seepage  from  the  hills  behind. 

presence  should  be  suspected  on  any  low-lpng  ground  on  which  pools  of  water 
filled  with  jimgle  debris  may  lie,  such  as  the  so-called  pathar  level  especially  where 
the  soil  is  not  of  a  porous  nature.  Where  pools  of  water  do  not  remain  for  any 
time  the  species  is  probably  non-existent.  As  a  matter  of  fact  iu  Assam  the  malaria 
oa  nearly  every  estate  might  be  ascribed  to  some  other  feature  than  adjacent 
jungle,  for  example,  to  a  grassy  perennial  stream ;  very  often  lines  near  to  jungle 
were  no  more  unhealthy  than  if  they  were  not  near  to  jungle,  so  that  in  any  particular 
case  the  harmfulness  of  the  forest  can  probably  only  be  demonstrated  by  finding 
an  nmbrosus  production  area  in  it  and  the  adults  in  human  habitations. 

That  jungle  is  not  always  dangerous  was  proved  by  the  fact  that  some  com- 
paratively healthy  estates  were  surrounded  by  forest,  and  in  it  suitable  breeding- 
places  such  as  bhils  or  even  hulas  were  niarkedly  absent, 


Digitized  by 


Google 


MALARIAL  INCIDENCE  CORRELATED  WITH  TERRAIN. 


83 


The  fact  was  elucidated  that  on  the  pathar-level,  where,  as  said  above,  if  the 
land  be  under  jungle,  we  would  expect  unArostu  to  thrive,  cutting  down  the  jun(^ 
is  an  effective  anti-malarial  measure. 

An  interesting  point,  because  one  on  which  epidemiologists  all  over  the  worid 
have  found  it  difficult  to  obtain  natural  evidence,  was  that  a  belt  of  jungle 
interposed  between  a  cooly  line  and  a  perennial  stream  seemed  to  protect  the  coolies 
very  effectually. 

Tanks.  In  so  far  as  these  are  part  of  bhils  their  influence  is  the  same,  only 
less  so,  owing  to  the  greater  depth  of  their  water  content  affording  more  scope 
for  the  operation  of  *  natural  enemies  \ 

The  Pathw.  Estates  situated  on  the  pathar-level  were  comparatively 
healthy,  one  showed  a  spleen-index  of  only  6  per  cent.  The  surrounding  land 
was  of  course,  always  cultivated  with  paddy,  the  harmlessness  of  which  with  its 
myriads  of  Hnensis,  vagus  and  fuliginasus  was  thereby  demonstrated.  * 

BB.    THE  SURMA  VALLEY. 

BBa.    Cachar  District. 
Discussions  en  Groups. 

BBa  1.  Gardens  1  to  3  in  the  North-east  comer.  Pathemara,  Goabari,  and  a 
Jainti  village  (Khasipunji). 

In  this  group  it  is  easy  to  understand  the  great  amount  of  malaria  in  lines 
along  the  granite-bouldered  hill-streams.  It  is  due  to  macuiatus  but  the  reason 
for  the  fever  on  Pathemara  Estate  is  not  so  evident.  Perhaps  the  small  river 
here  breeds  maculaius  and  cuUcifades  in  the  winter  or  spring  or  perhaps  the 
swampy  ground  between  the  tilas  breeds  sufficient  fune^tis  to  do  all  the  harm. 

BBa  2.  Gardens  1  to  5  in  the  Bandhu  group.  Scottpore,  Majargram,  Doorga- 
nagar,  Bandoo,  and  Thailoo  Tea  Estate. 

*  In  the  original  report  after  giving,  as  above,  our  conclusions  regarding  the  malaria  of 
the  Aflsam  Valley  as  a  whole,  we  gave  some  data  from  Lakhimpur  and  Sibsagar  Districts  which 
pointed  to  certain  district  differenoes  in  the  valley. 

It  wa9  seen  that  Lakhimpur  had  a  higher  spleen-index  than  Sibsagar,  41*3  per  cent  to  37*2 
per  cent,  taken  in  a  very  large  number  of  children.  The  meteorological  records  showed  that 
Lakhimpnr  had  a  considerably  higher  rainfall,  and  as  the  rainfall  of  the  monsoon  appears  to  be 
correlated  with  the  annual  malaria  epidemic,  one  would  expect  that  of  the  two  Sibsagar  would 
show  less  malaria. 

On  the  other  hand  the  two  distriots  are  markedly  different  in  their  physiography.  Lakhim- 
pur is  in  a  greater  state  of  riverine  decay  having  reached  a  particularly  dangerous  stag«. 
Whereas  the  process  of  decay  has  proceeded  to  a  less  extent  in  Sibsagar,  and  this  may  be  the 
reason  for  the  difference  in  the  malaria  endemicity . 

Tbo  tables  illustrating  these  differences  are  filed  with  the  J.  T.  A.,  Calcutta,  for  reference 
if  re^uire4? 
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In  them  gardens  one  common  feature  of  the  laud  was  the  high  altitude  of 
the  bank  on  which  the  estates  were  plantt^l,  and  the  depth  to  which  it  had  been 
sculptured  by  the  hulas  draining  the  bank.  The  seepage  in  these  hulas  from 
the  overlying  land  must  be  coasiderable  and  might  be  exjiected  to  support  a 
large  number  of  the  species  maculatus  and  actually  this  species  was  found. 

At  the  same  time  the  banks  have  a  number  of  shallow  hulas  coursing  over 
them,  e.g.,  at  Thailoo,  and  this  estate  showed  that  such  i)laces  are  very  dangerous 
even  though  presumably  they  do  not  carry  perennial  water.  A  large  number  of 
funestus  were  found  in  them.  When  they  were  danuued  up  nothing  dangerous 
was  found  in  the  collected  water. 

What  amount  of  malaria  was  caused  by  a  large  tract  of  rice  fields  such  as 
that  beside  Thailoo  through  which  conrsed  funestus  streams  was  not  ascertained. 

BBa  3.    Gardens  1  to  5  the  Kasipur  Group. 

Caasipore,  Digor-Kasipur  (Felixstowe  Tea  Estate),  Chappannahal,  Arcuttipur, 
and  Doyapur. 

Of  these  estates  the  more  malarious  were  those  situated  nearer  perennial  streams 
and  conversely  such  an  estate  as  Arcuttipur  which  had  no  perennial  stream  near 
it  was  comparatively  healthy. 

Arcuttipur  showed  that  swampy  ground  or  a  small  jheel  on  the  pathar-level 
was  not  associated  with  a  high  malaria-index. 

BBa  4.  Gardens  1  to  4  on  the  'Alipur  spur.'  Pallorband  (Palairband), 
Alipur,  Dooloogram  (Dalugram),  and  Phanree. 

These  estates,  all  apparently  with  a  very  sinxilar  rate  of  malaria,  have  their 
lines  near  to  some  perennially  running  stream.  It  should  be  noted  that  whether 
the  lines  are  on  high  land  among  the  tilas  as  at  Dalugram,  or  on  low  banks  as  at 
AlipuTj  or  on  the  flat  as  at  Pallorbund,  the  resultant  malaria  is  very  much  the 
same. 

BBa  5.  Gardens  1  to  7,  the  Tarapur  Group.  Tarapur,  Lallang,  Labac-Bill 
(Bheel  Tea  Estate),  Dewan  Tea  Estate,  Burtool,  and  Lydiacherra. 

The  very  high  malaria-rate  of  Tarapur  must  be  ascribed  to  the  very  close 
proximity  of  one  stream,  as  well  as  to  others  carr}ang  perennial  water.  The  tea-bank 
is  high  and  possibly  there  may  be  maculatus  '  breeding '  grounds  at  its  foot.  More- 
over, there  is  permanent  swamp  in  the  vicinity. 

Labac,  Burtool,  Dewan,  and  Lydiacherra  have  a  spleen-index  of  between 
50  to  60  and  all  have  the  surface  of  the  tea  bank  with  grassy  hulas  in  which  funestus 
are  found.  Moreover,  Labac  and  Dewan  are  in  relation  to  a  wide  tract  of  khet  land 
in  which  run  permanent  streams. 

Bheel  is  very  interesting  as  an  example  of  a  very  healthy  estate  planted  on 
a  tila  surrounded  by  land  at  the  pathar-level.  Some  of  this  has  been  very 
well  drained  aud  set  out  with  tea,  while  the  rest  of  it  is  used  for  dhan-khets. 
Here,  then,   khet  lands  are  not  particularly  dangerous. 
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BBa  6.    Garden  1.    Hillara  Tea  Estate. 

Granting  that  its  reported  spleen-index  is  a  true  representation  of  facts,  this 
^iden  is  an  interesting  illustration  of  the  comparative  innocuousness  of  permanent 
swamp  and  bhils  in  the  bhil  country. 

BBa  7.  Grardens  1  to  4  in  the  Lallacherra  Group.  Lallacherra,  Durgapore, 
Vemerpor,  and  Roopachcrra. 

Lallacherra,  Vemerpur,  and  Roopacherra  are  interesting  as  showing  the 
influence  of  small  streams  and  jhils  on  the  malaria-rate,  in  the  bhil  country ;  the 
rate  is  comparatively  low. 

Durgapore  is  away  from  any  permanent  stream  but  surroimded  by  low  drains 
and  nullahs  which  dry  up  after  the  rains  and  on  this  estate  the  spleen-rate  appears 
to  be  still  lower. 

BBa  8.  Grardens  1  to  5,  the  Aenekhal  ^^Group.  Aenekhal  Tea  Estate, 
Luckynugger,  Monacherra,  Old  Singalla,   and  Ramchandl 

The  'key'  garden  in  this  group  is  Monacherra.  It  lies  on  a  nuiss  of  tilas 
rising  up  like  islands  from  the  sea  of  *  bhil  country '  around  it.  It  is  a  com- 
paratively healthy  garden  and  has  a  low  spleen-index.  It  shows  that  the  streams 
and  the  bhils  of  the  bhil  country  are  not  productive  of  a  high  spleen-index. 

The  higher  malaria-rate  on  the  other  gardens  planted  on  the  tilas  of  the  main 
hill  range  cannot  therefore  be  ascribed  altogether  to  the  Dhaleswari  which  runs  near 
them  but  is  probably  due  mainly  to  the  ]^)crennial  streams  which  are  tributary  to 
that  river.  In  some  of  these  funestus  was  captured.  This  hypothesis  is  supported 
by  the  fact  that  on  Old  Singalla  the  nearest  perennial  water  is  half  mile  away  and 
the  spleen-index  is  comparatively  low. 

BBa  9.    Garden  I  in  the  hills  south  of  Silchar.    Katal. 

This  estate  only  illustrates  the  rather  low  malaria-rate  associated  with  land  at 
the  edge  of  the  bhil  country  near  to  a  small  river,  a  mass  of  bhils,  and  to  j)erennial 
swamp,  but  where  there  are  no  perennial  streamlets. 

BBa  10.  Gardens  1  to  3  in  the  Jatinga  Valley  Group.  Jatinga  Valley, 
Sahazpur  (Shabashpur),  and  Bicram]^)ore  Tea  Estate. 

Jatinga  Valley  and  Shabashpur  are  both  very  malarious  estates,  as  one  would 
expect  from  their  situation  above  the  mountain  stream,  maculalus  and  perhaps 
cidicifaeies  are  doubtless  the  caiLse  of  the  high  spleen-index  here. 

Bicrampore,  on  the  other  hand,  seem^i  to  be  of  the  bliil-country  type. 

BBa  11.  Gardens  1  to  5  in  the  Ilaticherra-DudpatU  Group.  Haticherra, 
Tamacherra,  Chaltakandy,  ELannykoory,  and  Dudpatli. 

Haticherra  and  Tamacherra  are  both  coiLsiderably  malarious  and ,  this  is 
probably  due  to  streams  of  permanent  water  coming  down  from  the  heart  of  the 
tila  country,  as  well  perhaps  to  springs  of  water  seeping  out  of  the  hill-sides.  On 
Haticherra  there  is  a  big  bhil  apparently  due  to  the  blocking  up  of  the  valley  of  one 
of  the  streams;  the  influence  of  this  on  the  malariology  of  the  place  was  not 
ascertained. 
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The  other  three  gardens,  Chaltakandy,  Eannykoory,  and  Dudpaili  are  leas 
malarious,  although  they  aU  lie  under  the  influence  of  permanent  streams.  This 
point  will  be  reverted  to  later. 

The  swampier  the  surrounding  land  becomes  and  the  closer  to  bhil,  the  less 
malarious  lines  be. 

Further,  the  least  malarious  of  the  group  are  those  of  Dudpatli  along  the  high 
banks  of  the  Barak. 

BBa  12.    Garden  1  in  the  Katakhal  River  Area.    Bami  Braes. 

There  are  apparently  no  streams  of  permanent  water  in  the  neighbourhood 
of  the  lines  but  a  good  deal  of  permanent  swamp  lies  about  in  addition  to  the 
bhils.  It  is  not  clear  how  much  of  this  swamp  is  due  to  seepage  from  the  hills 
behind,  but  probably  whatever  excess  of  malaria  there  is  on  the  estate  over  the 
amount  caused  by  the  bhils  will  be  due  to  this  permanent  swamp. 

BBa  13.    Garden  1  in  the  south-east  of  the  Barak  River.     Roopabally. 

This  estate  lies  in  the  heart  of  the  bhil  country  and  apparently  has  a  com- 
paratively high  spleen-index.  If  this  be  correct,  one  must  assume  that  it  is  due 
to  the  very  big  bhil  beside  which  the  estate  is  planted. 

BBa  14.  Gardens  1  to  5  in  the  Massampur  Group.  Massampur,  Khoreel, 
Euna  Tillah,  Kallinugger,  and  Moolydar. 

In  this  group,  Massampur  shows  the  influence  of  the  Barak  and  small  jheels 
combined.  The  other  Unes  lie  near  to  perennial  streams,  and  the  spleen-indices  vary 
from  35  to  60  per  cent. 

BBa  15.  Gardens  1  to  4  on  the  Badarpur  Spur.  Badarpur,  Margonpur, 
Chandypore,  and  Serishpur. 

Badarpur  Tea  Estate  shows  that  the  Barak  is  not  very  harmful,  nor  the  bhils 
which  lie  here  and  there  near  the  lines,  nor  the  hill-side  streamlets  which  dry  up 
after  the  rains. 

The  other  estate  lines  are  all  near  perennial  streams  and  jheeb.  Serishpur 
has  permanent  swamp  too  (compare  Bami  Braes). 

Conclusions. 

Regarding  Malaria  in  Cachar  Di^rict. 

It  will  have  been  seen  above  under  the  discussion  on  each  group  that  the 
malaria  of  the  gardens  in  Cachar  can  often  be  definitely  ascribed  to  certain  features 
of  the  terrain. 

Thus  gardens  planted  on  the  lower  slopes  of  the  Khasi-Jaintia  Hills  through 
which  rivers  and  streams  with  all  the  characters  of  mountain  torrents  force  their 
way,  have  a  very  high  spleen-index,  around  100  per  cent.  Such  a  garden  is  Goabori 
above  Pathemara.  The  explanation  of  this  high  rate  is  doubtless  that  such  sites 
are  very  favourable  to  the  evil  carrier-mosquito  macuUUtM ;  and  perhaps  abo 
culidfacies,  though  the  latter  was  not  actually  found. 
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Small  and  moderate-sized  active  rivers  on  '  the  plains '  like  the  Dhaleshwari 
or  Eatakhal  have  been  proved  not  to  be  associated  with  a  high  spleen-index.  What 
comparatively  low  spleen-index  is  found  in  their  vicinity  may  perhaps  be  due,  and 
probably  is,  to  other  elements  in  the  local  scenery. 

The  same  remark  applies  to  the  great  river,  the  Barak.  The  low  spleen-indices 
found  in  its  vicinity  are  quite  probably  due  to  other  factors  ;  a  matter  to  which  we 
will  revert  below. 

Turning  back  now  to  the  tributary  streamlets  of  these  rivers  on  the  *  plains  ' 
it  is  proved  on  one  estate  (Monacherra)  that  when  the  streamlets  are  non-perennud, 
they  are  not  associated  with  a  high  spleen-index,  but  to  what  approximate  extent 
the  moderate  index  of  about  25  per  cent  found  in  their  proximity  may  be  caused 
by  them  or  by  some  other  factor  in  the  locality  cannot  be  stated. 

It  is  a  different  matter  when  the  streams  carry  perennial  water  in  the  grassy 
edges  of  which  funestus  can  always  be  found.  In  group  after  group  their  danger 
was  demonstrated,  the  nearer  an  estate  to  a  perennial  stream  the  higher  its  spleen- 
index,  which  was  found  ranging  up  to  100  per  cent,  probably  proportionate  to  the 
distance  of  the  habitation  from  the  stream.  There  is  some  evidence  that  the  grade 
of  permanent  stream  is  an  important  factor.  This  must  be  so  when  one  considers 
the  non-malariousness  of  a  meandering  river  Uke  the  Barak  and  the  high  malarious- 
ness  of  a  grassy-edged  stream  as  at  Tarapur.  An  example  is  seen  in  the  spur  of 
hills  at  th^e  point  of  which  is  Dudpatli.  The  nearer  to  the  point  of  the  spur  where 
the  tilas  are  very  often  discrete  and  rising  out  of  the  plain  like  islands  and  the 
streams  have  reached  the  pathar-level  the  less  malarious  are  the  estates. 

In  deep  hulas  on  the  tii<i  country,  e.g.,  Scottpore,  Bandhu,  etc.,  another  factor 
is  probably  in  operation.  The  species  macvlatun  is  found  in  their  impermanent 
springs  and  is  associated  with  a  very  high  spleen-index,  round  100  per  cent,  in 
spite  of  the  water  not  running  perennially.  In  one  estate,  Thailu  some  lines  placed 
near  a  non-perenniai  stream  of  spring  water  in  a  very  shallow  rocky  hula  {funestus 
found  in  numbers)  had  a  spleen-index  of  100  per  cent,  a  much  higher  rate  than  is 
as  a  rule  found  near  non-perennial  streams.  Perhaps  the  explanation  of  the 
discrepancy  lies  in  the  fact  that  the  lines  here  are  so  very  close  to  the  hula  or 
alternatively  that  maculaius  (which,  however,  was  not  found)  may  be  an  important 
factor  in  tliis  rocky  ground,  a  situation  to  be  compared  with  places  like  Scottpore 
and  Bandhu.* 

It  was  noticeable  in  many  groups  that  the  situation  of  lines  on  different 
heights  of  banks  or  tiias  did  not  seem  to  influence  the  spleen-index  at  all.  This 
suggests  that  maculatus,  which  is  essentially  a  seepage  breeding  anopheline, 
is  not  a  very  important,  if  any,  factor  in  the  mass  of  estates,  for  a  high  tila  or  a 
long  range  of  tiJas  would  naturally  have  more  spring  water  at  its  foot  than  a  low 
eUa,  with  corresponding  opportunity  of  breeding  macuUttus. 

This  matter  leads  to  the  question  of  the  culpability  of  permanent  swamps 
which  may  be  found  near,  or  on,  only  a  few  estates. 

*  It  has  since  been  ascertained  that  a  permanent  stream  runs  not  far  off. 
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There  is  definite  evidence  in  several  places  that  permanent  swamps  mixed  up 
with  bhils  in  the  '  bhil  country  '  are  not  associated  with  a  high  malaria  spleen-indexi 
the  average  probably  being  about  25  per  cent,  and  of  this  what  proportion  is  due 
to  the  swamp  and  what  to  the  bhil  cannot  be  said.  On  some  gardens  a  permanent 
swamp  closely  related  to  perennial  streams  was  associated  with  a  very  high  spleen- 
index,  but  in  this  case,  of  course,  the  streams  could  be  held  largely  responsible* 
On  the  other  hand  two  estates,  Bami  Braes  and  Serishpur,  both  with  a  spleen- 
index  round  50  per  cent  had  hill-foot  permanent  swamps  near  their  lines,  in  the 
latter  estate  as  apparently  the  sole  source  of  infection ;  in  the  former  the  swamp 
mixed  up  with  a  small  bhil.  The  explanation  for  this  higher  spleen-index  must  be 
that  the  swamp  was  of  spiing  water  from  the  hills  behind,  the  swamp  water  running 
away  in  grassy  streamlets.  In  general  it  would  be  safe  to  conclude  that 
swamps  behave  in  an  analogous  way  to  streamlets  on  the  one  hand  and  bhils  on  the 
other,  as  will  be  described  below. 

In  only  two  instances  in  all  of  the  many  estates  of  Cachar  which  were  visited 
were  bhils  associated  with  a  high  malaria-index.  In  one  case  (Rooi)abally)  a  very 
high  spleen-index  was  reported  by  the  assistant  in  charge  and  the  only  possible 
source  of  this  malaria  was  a  very  great  bhil  of  ix?rmanent  water.  In  the  other 
instance,  that  n\entioned  above,  at  Barni  Braes,  a  permanent  swamp  and  a  smal^ 
jhil  together  were  apparently  responsible  for  a  spleen-index  of  about  50  per 
cent. 

Although  the  Roopabally  figures  require  confirmation,  there  is  no  inherent 
improbability  of  a  great  bhil  producing  a  100  per  cent  spleen-index,  if  a  small 
one  will  produce  a  small  index.  The  index  depends  on  mosquito  production  and 
this  on  opportunities  of  '  breeding,'  one  of  which  is  space.  A  few  aconitus  and 
funedus  can  always  be  found  in  any  bhil.  But  size  for  size,  the  state  of  a  bhil 
should  determine  its  malariogenicity.  A  bhil  is  a  river  bed  not  functioning  as 
such  or  only  slightly.  Every  stage  can  be  seen  from  a  sheet  of  water  which  cannot 
be  strictly  called  either  bhil  or  river,  through  the  condition  of  a  grassy  marsh  to 
one  of  complete  dr3aiess  and  suitable  for  paddy  cultivation.  It  is  obvious  that  Uie 
more  stream-like  the  condition,  the  more  dangerous  the  bhil. 

Yet  except  in  the  two  instances  above  mentioned  the  spleen-index  associated 
with  the  bhil  country  was  low,  on  an  average  about  20  per  cent. 

Danis  and  Drains,  A  tea-bank  hula,  normally  a  habitat  of  funestus,  dammed 
up  by  a  high  bund  for  conservation  of  water,  did  not  discover  any  pathogenic 
anophelines. 

In  several  instances  in  which  there  wa^s  a  low  spleen-index  the  tea  land  was 
drained,  so  that  the  drains  could  be  considered  nearly  harnxless.  A  typical  instance 
of  this  was  on  the  Bhil  garden  of  Labac.  The  hnes  here  are  perched  up  on  a 
tila  arising  like  an  island  from  the  surrounding  plains  level.  Part  of  this  is 
drained  and  planted  with  tea  while  part  is  undrained  and  devoted  to  i^addy 
cultivation. 

Pculdy  CuUivaihn. — The  last  instance  shows  what  a  little  ill-healtli  may 
be   caused   by    paddy  cultivation   on   the   pathar  level.     Here,   however,    ran    no 
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penuanent  stream.  The  streams  which  irrigate  rice  fields  are  certainly  dangerous 
and  probably  the  rice  fields  themselves,  i.e.,  the  land  minus  the  streams,  also 
is  to  a  certain  extent,  if  the  water  lying  on  them  is  spring  water,  spilling  away. 
aconitits  and  fwiestus  can  often  be  found  in  them,  though  it  is  the  irrigation 
channels  which  are  most  dangerous. 

BBb.    Sylhet  DisTRicrr. 

Discussions  on  Groups, 

BBb  1.  Gardens,  1  to  5  in  Nort.h  Sylhet.  Doldoli,  Lakhatoorah,  Malinichcrra, 
Eewacherra,  and  Khadim-naggar. 

The  estates  in  this  group  have  a  relatively  liigh  spleen-index.  Swampy  ground 
and  bhil  areas  are  noticeably  absent  and  the  malariousness  must  be  ascribed  to  the 
streams. 

BBb  2.    Bhil  country  near  Banyachong. 
^  .    The  comparatively  low  sx)leen-index  associated  with   this 
bhil  country  must  be  noted, 
cannot  here  be  stated. 


typical    part  of  the 
To  what  elements  in  the  terr^n  that  index  was  due 


BBb  3.  Gardens  1  to  7  in  the  Rajkhandi  Hills  of  South  Sylhet.  Alinagar, 
Suncherra,  Bhagicherra,  Chatlapore,  Shamshemagar,  Daocherra,  and  Kanihatti 

In  considering  these  estates,  one  sees  the  influence  of  bhils  and  kals  represented 
ill  Alinagar  with  a  spleen-index  in  all  its  lines  of  about  20  i)er  cent. 

Hula  streams  and  khets  and  bhils  play  their  part  in  Suncherra  with  its 
higher  spleen-index  of  about  50.  One  might  conclude  that  Alinagar  has  a  generally 
low  spleen-index  as  it  is  practically  on  the  patliar- level,  but  so  are  Daocherra 
and  Kanihatti  with  higher  spleen-indices  of  about  50,  examples  of  what  a  perennial 
stream  on  the  pathar-level  can  do. 

Bhagicherra  is  very  interesting  as  it  shows  what  a  very  high  endemic  index 
is  associated  entirely  with  hulas  and  streams  among  the  hills. 

BBb  4.  Gardens  1  to  5  in  the  Doloi  Valley.  Podocherra,  Madabpore,  The 
bustees  on  the  khct  land,  Patrakola,  and  Champarai-chara. 

One  particularly  interesting  tiling  stands  out  from  the  consideration  of  what 
was  found  in  these  estates,  to  wit  the  absolute  harralessuess  of  khet  land  in  certain 
circumstances,  and  also  of  a  wide  active  strcam  such  as  the  Doloi.  In  Patrakola 
New  lines  one  may  take  the  spleen-index  of  about  30  as  due  to  the  influence  of 
either  the  small  bhil  which  is  close  at  hand  or  to  the  comparative  proximity  of 
other  dangerous  features  in  the  terrain.  The  same  remark  applies  to  the  Nagbasi 
lines  on  Champarai-chara. 

The  old  lines  on  Patrakola  are  also  interesting  as  demonstrating  the  danger 
of  a  small  stream  (the  GulguU)  running  near  the  linos.'*' 

^  In  a  Bubeequont  survey  here  it  ban  iteen  ascortaiaed  that  there  id  ariuthur  caiue. 
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The  other  gardens  do  not  afford  any  evidence  of  the  relative  harm  of  the  bhik 
and  streamlets. 

BBb  5.  Grardens  1  to  5  in  the  Balasera  Valley  (near  the  railway).  Baraoora, 
Jagcherra,  Ghellacherra,  Bhurburipur,   and  Kylcherra. 

These  estates  show  very  variable  spleen-indices  probably  dependent  on  the 
relative  position  of  the  lines  to  the  streams  and  bhils. 

BBb  6.  Gardens  1  to  4  on  the  Balasera  Hills  (south  of  the  railway).  Kaki- 
cherra,  Phulcherra,  Kalighat,  and  Luckicherra. 

Luckicherra  lying  on  higher  ground  seems  to  be  more  malarious  than  Kalighat 
or  Phulcherra  which  lie  on  very  low  banks.  Luckicherra  is  probably  influenced 
by  the  jhil  in  which  many  funestus  were  found  or  by  the  higher  grade  of 
the  land  while  the  other  estates  seem  to  have  been  infected  mainly  from 
streamlets  and  grassy  kals  in  all  of  which  funestus,  aeondtus,  karwari,  etc.,  could 
be  obtained. 

BBb  7.  Gardens  1  to  9  in  the  Balasera  Valley  (central  group).  Rajghat, 
Udnacherra,  Burmacherra,  Kajuricherra,  Sisalbari,  Fuskuricherra,  Putiacherra, 
Schinderkhan,   and  Tipperacherra. 

One  thing  that  all  of  these  estates  have  in  conunon  is  their  uniformly  very 
high  spleen-index  and  reputation  for  severe  malaria. 

The  general  lie  of  the  land  is  exceptional  in  the  case  of  Tipperacherra  which  is 
mostly  planted  on  high  tilas,  while  in  all  the  others  the  banks  of  tea  present  only  a 
flat  or  gently  undulating  surface  and  constitute  small  plateaux  with  good  drainage. 
This  shows  that  the  height  of  the  tea  land  in  itself  is  not  a  determining 
factor  in  the  incidence  of  malaria. 

In  all  these  estates  the  banks  of  tea  land  or  the  tilas  have  intervening  kals 
which  may  be  either  grassy  swamps  or  planted  with  paddy  or  occupied  by  swift- 
flowing  streams.  In  these  situations  numbers  of  funestus  {minimus)  could 
always  be  found.  There  are  also  in  this  area,  including  Tipperacherra  at  its  debouch- 
ment on  to  the  plateau,  a  number  of  bhils  and  permanently  swampy  tracts  occupying 
the  sites  of  old  river  beds  and  in  these  it  was  quite  common  to  find  aconitus 
and  funestus.    These  species  were  also  found  on  one  occasion  in  a  tank  with  grassy 


A  very  interesting  discovery  was  the  great  number  of  funestus  captured  in  a 
stream  running  through  a  wide  tract  of  khet  land  which  was  at  pathar-level, 
which  here  then  must  be  viewed  with  suspicion. 

BBb  8.  Gardens  1  to  4  on  the  western  side  of  the  Balasera  Valley.  Satgaon, 
Gandicherra,  Amrailcherra,  and  Hooglicherra. 

The  spleen-index  of  Satgaon  is  comparatively  low  (if  the  figure  given  can  be 
accepted  as  reliable).  It  is  understood  the  surroundings  here  are  very  well  drained 
and  water  never  lies  for  long,  which  may  account  for  its  low  malarial  condition. 

The  other  gardens  all  have  a  very  high  spleen-index.  Gandicherra  lies  on  wery  low 
banks  drained  by  a  few  streams,  one  of  which  runs  past  the  lines.  Amrailcherra 
lies  on  higher  banks,  while  Hooglicherra  is  planted  on  still  higher  tilas.    The  height  of 
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the  tea  land  therefore  does  not  here  seem  to  determine  the  spleen-rate.  In  each 
case  there  are  a  number  of  bhils  and  swamps  to  which  as  to  the  streams  must  be 
attributed  a  certain  proportion  of  the  malaria  endemicity. 

BBb  9.    Qardens  1  to  4    in  the    Sutang    or    Khowai  Valley.    Chundicherra,  • 
Chandpore,  Begumkhan,  and  Luskerpore. 

An  interesting  point  arising  in  this  group  is  the  very  high  malaria-rate  in  two 
estates  which  are  planted  on  very  low  banks  with  very  shallow^  intervening  kals. 
The  fall,  however,  in  these  is  good  and  the  beds  silty.  Many  of  the  kals  were 
planted  with  rice ;  aconitiM  and  funestus  were  found  universally  in  these  places  and 
must  be  accounted  responsible  for  the  high  malaria-rate.  These  kals  and  the 
Chundicherra  stream  into  which  they  drain  are  continued  over  the  pathar-level  and 
empty  into  the  Sutang  and  carry  these  dangerous  species  there  too.  Another 
interesting  point  about  these  places  is  that  no  jhil  system  appears  to  have  been 
developed  hereabouts,  so  that  the  kals  and  streamlets  alone  are  probably  respon- 
sible.    It  must  be  noted  that  the  Chundicherra  in  Chandpore  is  a  perennial  stream. 

Luskerpore,  on  the  other  hand,  is  planted  On  high  tilas  on  which  are  the  lines, 
except  for  one  set  beside  a  perennial  stream  and  that  is  very  highly  infected. 
AU  the  lines  show  a  very  high  endemic  index  and  this  must  be  ascribed  to  the 
swampy  or  paddy-grown  kals  where  malaria-carriers  are  proUfic. 

BBb  10.  Gardens  1  to  4  on  the  western  side  of  the  Shaistaganj  Hills. 
Surma,  Teliapara,  Satchurie,  and  Noyapara. 

This  group  of  estates  Ues  along  the  foot-hills  where  they  debouch  into  slightly 
undulating  land.  There  was  no  apparent  correlation  between  the  height  of  the 
tea-banks  or  tilas  and  the  spleen-indices : .  TeUapara,  however,  with  a  uniform  100  per 
cent  spleen-index  lay  on  high  tilas. 

Comparative  lack  of  perennial  water  about  all  these  estates  was  a  characteristic 
point  noted. 

The  bhil  system  was  rather  in  evidence  and  the  bhils  nearly  always  contained 
pathogenic  anophelines.  For  the  rest  there  was  no  evidence  as  to  the  relative 
importance  of  the  sandy  bedded  active  streams  and  streamlets  and  the  bhils. 

Conclusions. 

Regarding  Malaria  in  Sylhet  District, 

A  review  of  the  notes  m^de  above  concerning  the  saUent  characteristics  of 
the  terrain  conducing  to  malaria  in  Sylhet  leads  one  to  conclude  that  probably 
everywhere  in  this  district  proximity  to  perennial  running  grassy-edged  streams  are  a 
most  important  factor,  the  reason  without  doubt  being  that  here  is  the  site  of  election 
in  the  larval  state  of  the  notorious  malaria-carriers  funestus  (minifnus)  and  aoonilus. 
Another  mosquito  which  may  possibly  contribute  to  the  malarial  incidence  here 
is  culicifacieSy  though  this  species  was  not  certainly  identified  in  our  survey.  It 
might  conceivably  be  found  in  pools  on  sandy  beds  left  at  the  end  of  the  rains  by 
the  receding  streams,  indeed  it  was  very  noticeable   how  in  the  South   Sylhet 
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estates  with    such    streams  near    their  lines    the    spleen-index    was  very  hi(^ 
sometimes  100  per  cent. 

But  in  Sylhet  such  conditions  are  not  so  commonly  met  with  as  are  grassy-edged 
streams,  and  in  tlie  former,  too,  funeslus  is  common  enough. 

These  streams  are,  of  course,  often  used  for  the  irrigation  of  dhan-khet,  but 
we  cannot  recall  ever  having  found  any  one  of  the  notorious  malaria-carriers 
actually  in  the  khets  (or  fields  as  distinct  from  the  irrigation  system). 

The  spleen-indices  of  Unes  where  grassy  perennial  streams  have  been  incriminated 
by  the  exclusion  or  absence  of  any  other  possible  factor  have  varied  from  about 
50  per  cent  to  90  per  cent.  This  variation  is  no  doubt  due  to  varjdng  distance 
and  local  differences  in  the  edge  of  the  stream.  Presumably  a  minimal  amount 
of  malaria  might  be  due  to  such  a  source  acting  from  a  maximal  distance. 

The  ^  dhan-kJiet,*  or  pathar- level,  is  so  commonly  said  not  to  be  associated 
with  severe  malaria  that  it  is  interesting  to  find  that  where  a  grassy  perennial 
stream  waters  the  land,  it  may  be  the  source  of  a  considerable  malaria-index  to 
people  living  in  its  proximity,  in  fact  just  as  high  an  index  as  there  may  be  in  t^ose 
living  in  the  more  ujidulating  parts. 

The  fact  of  the  matter  is  that  the  height  of  the  land  on  which  the  tea  is  planted 
and  on  which  the  coolies  live  does  not  matter  a  tinker's  curse.  This  is  proved 
time  and  again  in  South  Sylhet.  Two  estates  planted  on  low  banks  like  Phulcherra 
and  Chandpore  nuvy  have  spleen-indices  as  wide  apart  as  20  per  cent  and  80  per  cent. 
At  the  same  time  the  grassy  streamjets  watering  the  hills  seem  to  be  invariably 
associated  with  a  high  malaria-rate  (e.g.,  Bhagicherra).  This  perhaps  gives  a  clue 
to  the  variabiUty  in  health  on  the  '  plains  ' :  where  the  fall  is  sUght,  the  flow 
sluggish,  and  the  stream  swinging  (meandering)  in  its  valley  bed,  conditions 
associated  with  '  dying,'  (seen  in  the  grassy  kals  at  Phulcherra  and  KaUghat),  the 
conditions  are  not  so  favourable  for  the  pathogenic  mosquitoes  and  so  the  malaria- 
rate  is  less.  It  must  be  nevertheless  pointed  out  that  funeslus  and  aconUus  are 
mosquitoes  of  cathoUc  tastes  {see  Appendix)  and  are  found  in  the  circumstances 
just  described,  and  moreover  karwari,  a  reputed  carrier,  is  another  species  commonly 
found  in  the  same  places. 

Before  now  proceeding  to  consider  the  influence  of  bhils  on  the  malaria- rate, 
a  subject  naturally  led  up  to  from  the  above  mention  of  that  of  decaying  streams, 
it  must  be  pointed  out  that  big  active  rivers  and  streams  are  for  all  practical 
purposes  innocuous,  for  example,  the  Doloi  River  in  South  Sylhet.  It«  present 
bed  is  almost  fully  occupied  by  the  stream,  its  side  banks  and  bed  are  almost 
devoid  of  vegetation  (except  for  a  reedy  grass),  owing  doubtless  to  the  silt  deposit 
and  floods  of  the  stream,  and  the  consequence  is  that  for  all  practical  purposes 
there  are  no  possible  breeding-places  in  such  a  site.*  A  smaller  stream  like  that 
at  Kalighat  is  associated  with  a  slight  malaria-rate,  though  it  was  not  proved 
that  this  was  due  in  any  way  to  such  a  stream. 

♦  Watson  found  maculalna  breeding  in  a  pool  in  the  bed  of  the  Brahmaputra  at  Dibrugarh 
but  notes  that  Huch  a  river  is  not  associated  with  malaria  to  any  extent. 
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With  regard  to  rivers,  streams  and  streamlets  in  general,  it  would  probably 
be  safe  to  conclude  that  in  their  most  active  state  they  are  harmless  ;  when  in  the 
condition  which  denotes  adolescence  and  senescence  they  are  very  dangerous, 
and  with  decay  they  gradually  lose  at  least  most  of  their  harmfulness. 

The  evidence  afforded  by  Sylhet  is  insufficient  to  enable  us  to  come  to  any 
very  definite  conclusion  as  to  the  danger  of  bhils.  These,  of  course,  are  the  end 
product  of  the  decay  of  streams,  and  represent  their  old  valley-beds.  Usually 
they  only  contain  water  during  the  rains,  that  dry  up  during  the  hot  months, 
though  they  are  like  tanks  in  respect  of  the  permanency  of  their  water — in  fact 
tanks  are  often  constructed  in  bhils.  They  often  hold  funestus  and  aconitus 
beside  the  usual  '  non-carrying  '  anophelines. 

One  thing  can  however  be  definitely  stated  with  regard  to  bhils,  and  that  is 
in  no  instance  has  a  higher  spleen-index  than  about  30  per  cent  been  found  asso- 
ciated with  them  and  as  stated  above  it  is  impossible  to  say  in  any  case  what 
proportion  of  this  was  due  to  the  bhil.  The  difficulty  about  assigning  any 
degree  of  harmfulness  to  bhils  is  due  to  the  fact  that  they  nearly  invariably 
Ue  close  to  the  streams  which  have  sidetracked  them,  and  consequently  any 
ill-health  in  the  neighbourhood  may  be  due  to  both  in  varying  proportions. 

Malabia  in  the  Surma  Valley. 

If  we  compare  our  conclusions  from  Cachar  and  Sylhet  Districts  regarding 
the  correlation  of  malaria  with  certain  elements  of  the  physiography,  we  are  led 
to  consider  that  there  is  much  true  of  each  district  which  is  true  also  for  the  whole 
valley. 

Let  us  first  review  the  antithetic  cases  of  active  streams  and  bhils. 

Active  streams,  whatever  their  size,  are  confined  to  a  channel  which  they  have 
made  for  themselves  and  which  pursue  a  course  the  sinuosity  of  which  is  dependent 
on  the  fall  of  the  stream.  The  amount  of  water  (Fig.  9)  which  they  contain  is  a 
measure  of  the  part  of  the  rainfall  which  has  not  been  absorbed  by  the  earth  in  the 
catchment  area  of  the  stream,  plus  the  seepage  or  spring  water  which  crops  out 
in  the  same  area,  and  the  total  may  vary  from  nil  to  such  a  quantity  that  the 
river  channel  is  filled  up  and  overflowing.  When  there  is  a  minimal  quantity, 
inequalities  in  the  bed  of  the  stream  may  lead  to  pools  of  water  being  left  behind 
by  the  recession  of  the  stream. 

In  the  Surma  Valley  a  great  and  active  river  like  the  Barak  was  found  not 
to  have  a  high  spleen-index  associated  with  Uving  near  to  it.  The  spleen-index 
was  round  25  per  cent  and  this  was  probably  due  to  other  elements  in  the  local 
scenery  which  could  not  be  dissociated  from  the  problem.  The  rise  and  fall  of 
such  a  great  ailt-laden  river  prevents  the  growth  of  &ny  vegetation  along  its  banks 
and  it  is  hopeless  to  look  for  mosquitoes  along  its  glistening  mud-smoothed  course. 
Probably  it  is  responsible  for  no  malaria  at  all. 

Moderate-sized  active  rivers  like  the  Dhaleswari  or  Katakhal  might  have  the 
same  lemarks  made  of  thenu    Thev  are  but  the  Barak  writ  smaller. 
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These  conclusions  regarding  rivers  must,  however,  be  restricted  to  those  on  the 
pathar-level,  that  is  to  those  on  the  lowest  plains  which  in  Cachar  comprise  "  the 
bhil ".  Here  the  gradient  of  the  land  is  low,  the  rivers  oscillate  perhaps  in  semi- 
circles or  even  more  acutely,  the  land  is  liable  to  flooding  in  the  rains  or  its  drains 
may  be  subject  to  back  flow  from  the  rivers,  the  subsoil  water  is  high,  and  towards 
the  end  of  the  rains  paddy  covers  the  land.  Malaria  mosquito- carriers 
on  this  sort  of  land  are  difficult  to  find,  vagus  is  the  commonest  mosquito  fouiMl 
in  any  pool  of  standing  water,  while  harbirostris,  sinensis  and  fuliginosus  occur 
in  swamp  in  the  flooded  paddy  fields. 

Some,  but  slight,  evidence  was  collected  during  the  survey  to  justify  the  con- 
clusion that  the  smallest  streams  meandering  over  the  pathar  and,  due  to  their 


Fio.  9. — A  course  the  sinuosity  of  which  is  dependent  on  the  fall  of  the  stream. 

serving  a  minimal  drainage  area,  suffering  greater  periodic  variations  in  the  amount 
of  water  they  carry,  usually  drying  up  after  the  rains  and  therefore  being  edged 
by  grass  and  weeds,  are  like  their  larger  sisters  in  tliese  regions,  not  associated 
with  a  high  spleen-index,  e.g.,  the  non-perennial  streamlets  near  Monocherra  which 
are  associated  with  a  spleen-index  of  about  25  per  cent  (this,  of  course,  also  possibly 
due  to  some  other  element  in  the  scenery). 

And  with  them  we  may  lump  the  artificial  drainage  channels  cut  for  the 
purposes  of  man,  e.g.,  at  Labac  Bhil  Tea  Garden  (Fig.  10).  In  such  sites,  mosquitoes 
are  much  more  readily  found  than  in  big  rivers  because  of  the  grassy  shelter,  but 
harihless  the  species  are,  usually. 

There  is,  however,  certain  testimony  that  when  grassy  perennial  streams  run 
over  the  pathar,  people  living  near  to  them  may  sufier  considerably  fron^  n^alari^ 
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(spleen-index  round  50  per  cent)  and  in  snch  streams  funeatus  and  aoonitua  can 
easily  be  found.  In  such  cases  we  feel  doubtful  whether  it  is  the  perenniality  of  the 
flow  which  is  the  dangerous  element  in  the  matter  or  the  fact  (which  was  observed 
in  the  cases  in  mind)  that  there  was  a  higher  gradient,  clear  fast-flowing  water 
and  a  silty  bed  in  the  streams,  which  conditions  seem  to  be  more  to  the  liking 
of  the  species  funestus.  We  are  inclined  to  the  latter  hypothesis  on  the  strength 
of  the  following  evidence.  Perennial  streams,  arising  from  the  range  of  hills  and 
tilas  to  the  north  of  the  Barak  River  at  the  toe  of  which  is  Dudpatli  Tea  Estate, 
are  associated  with  an  ever-decreasing  spleen-index  in  the  estate  lines  situated  on 
the  spur,  the  nearer  the  streams,  with  an  always  lessening  gradient,  come  to  the 
pathar-level.  • 
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4M                        ^^ 
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Fig.  10. — ^Artificial  drainage  channels  at  Labao  Bhil  Tea  Garden. 

If  we  now  ascend  to  the  higher  levels  and  terraces  of  the  Surma  Valley,  we 
again  find,  in  such  big  active  tributaries  of  the  Barak  as  the  Dholoi,  that  in  people 
living  near  to  them  malaria  is  non-endemic.  The  Dholoi  is  on  a  steeper  grade 
than  those  already  discussed  and  its  bed  is  of  a  silty  nature. 

A  smaller  active  stream,  e.g.,  the  KaUghat,  also  nmning  on  a  silty  bed,  is 
associated  with  a  slight  malaria- rate  (Fig.  11),  though  in  this  cas3  it  could  not 
be  proved  that  this  was  due  to  the  stream.  Such  a  medium-sized  stream  would 
seem  to  us  to  be  potentially  dangerous  when  it  is  drying  up  in  the  autumn  and 
leaving  pools  in  its  bed  which  might  grow  culicif odes  and  tnaculatus  (cf.  the  Lumding 
stream,  see  p.  II). 

It  is  a  different  matter  when  we  come  to  analyse  the  effect  of  the  small  grassy- 
edged  perennial  streams  in  which  funestus  and  aconUus  can  always  be  found  in 
great  numbers.    In  group  after  group  of  estates,  both  in  Cachar  and  Sylhet,  which 
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we  have  analyHed,  their  danger  has  been  demonstrated;  the  nearer  lines  are  to 
such  [perennial  Htreains  the  higher  the  spleen-index  which  ranges  from  round 
50  per  cent  to  100  per  cent.  Tarapur  Tea  Estate  in  Cachar  provides  an  exceDent 
example  of  such  conditions. 
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FiQ.  11. — ^A  small  aotive  stream  is  associated  with  a  slight  malaria-rate. 

If  we  go  still  higher  in  the  sides  of  the  valley  we  have  mountain  and  hill 
streams  dissecting  their  courses  through  the  rocks  on  the  way  to  the  bed  of  the 
valley.  The  estates  planted  on  the  foot-hills  of  the  Khasia- Jaintia  range,  for  instance, 
have  a  maximal  spleen-index  most  probably  entirely  due  to  the  species  macuUUus 
which  breeds  in  pools  of  clear  running  water  in  mountain  streams  (and  springs). 

Turning  now  to  the  antithetic  conditions  of  the  bhil,  which  is,  of  course,  the 
end  product  of  the  decay  of  streams  (short  of  accumulating  material  and  becoming 
levelled  up  to  the  plane  of  the  surrounding  land),  the  bhil  representing  the  old 
valley  bed,  it  is  found  that  they  too  often  hold  funestus  and  aoonUus  beside  the 
usual  non-carrying  anophelines.  Tanks  are  often  constructed  in  such  sites  and  what 
is  true  of  a  bhil  is  true  of  a  tank  (though  less  so,  for  the  comparatively  clean 
cut  edges  of  the  latter  and  the  usually  greater  depth  of  its  more  permanent  water 
favours  the  operations  of  animal    enemies  of  mosquito  larvae). 
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Bhils  in  Sylhet  were  never  found  associated  with  a  higher  spleen-index  than 
about  30  per  cent  and  a  certain  proportion  of  this,  if  not  all,  might  perhaps  have 
been  ascribed  to  other  proximate  conditions,  e.g.,  the  perennial  streams  which  have 
side-tracked  them.  No  differential  effects  were  noticed  in  bhils  varying  in  the 
permanency  of  their  water  content.  In  Cachar,  in  one  instance,  a  very  high  spleen- 
index  was  reported  to  be  associated  with  a  very  large  bhil  of  permanent  water. 
There  was  no  inherent  improbability  in  the  report,  though  it  was  in  our  experience 
such  exceptional  an  event  that  one  would  like  some  confirmation  before  finally 
accepting  it.  In  another  instance,  there  was  a  rather  high  spleen-index  of  about 
50  i)er  cent  associated  with  a  permanent  hill-foot  swamp  and  a  small  jhil. 
Probably  one  may  fairly  conclude  that  in  this  case  the  hill-foot  swamp  was  largely 
responsible  and  in  the  Surma  Valley  in  general  that  the  average  bhil  near  or  on 
an  estate  does  not  effect  more  than  a  low  spleen-index,  and  this  even  where  its 
waters  are  permanent. 

Swamps  may  be  conveniently  considered  here,  or  such  of  them  as  only  re- 
present the  sumpage  of  a  small  catchment  area  into  a  bhil  bed.  It  is  quite  obvious 
that  between  the  condition  of  a  wide  expanse  of  deepish  water  in  a  bhil  which 
may  overflow  during  the  rains,  and  the  same  site  filled  up  to  the  level  of  the  surround- 
ing country  by  alluvium,  there  is  a  state  which  is  conveniently  called  a  swamp.  As 
this  connotes  a  great  deal  of  light  herbage,  reeds,  and  grasses,  all  of  which  are  conducive 
to  the  livelihood  of  anophelines,  one  might  imagine  that  such  a  condition  would 
be  one  of  great  danger,  but  there  is  definite  evidence  in  several  places  that  it  Ls 
nowhere  associated  with  a  high  spleen-index  (one  round  25  per  cent). 

Now  between  the  two  extreme  states  which  we  have  selected  for  our  notice 
of  the  active  river  or  streamlet  and  the  dead  river-bed  or  bhil,  there  is  a  whole 
range  of  intermediate  conditions  all  arising  from  the  fact  that  active  rivers  tend 
to  carve  out  for  themselves  wide  valleys  in  which  the  stream  oscillates  from  side 
to  side,  some  of  the  beds  of  which  liecome  separated  off  by  alluvial  deposits  and 
then  constitute  bhils. 

We  will  consider  a  few  intermediate  forms ;  hulas  are  valleys  varying  in  depth 
from  the  slightest  depression  on  the  general  surface  to  one  of  profundity,  at  the 
bottom  of  which  runs  an  active  stream.  This  carries  off  the  storm  water  of  the 
immediate  neighbourhood  and  as  much  spring  water  as  comes  to  it  from  the  head 
of  land  above,  the  resultant  determining  whether  the  stream  be  perennial  or  not. 
Usually  hulas  do  not  carry  perennial  water,  the  springs  drying  up  gradually  after 
the  rains  stop.  In  so  far  as  hulas  carry  pereimial  water  in  their  active  streamlets 
they  are  harmful  }\ist  as  are  tlie  perennial  grassy  streamlets  mentioned  above. 
If  not  perennial  they  nevertheless  carry  a  great  number  of  funedm  and  aconitus 
in  their  grassy  edges  during  the  rains,  the  point  remaining  how  much  harm  do 
these  effect,  a  jx)int  on  which  no  evidence  was  collected  in  the  Surma  Valley. 

But  a  hula  is  a  complex  of  conditions  of  which  the  active  streamlet  is  only 
one.  Another  important  characteristic  is  the  spring  water  which  sometimes  oozes 
out  of  the  sides  of  the  hula  and  trickles  down  to  its  bed  and  so  into  the  stream. 
This  spring  water,  of  course,  depends  on  the  amount  of  water  which  has  soaked 
into  the  column  of  earth  which  Ues  above  the  hula.    If  there  be  any  seepage,  it  is 
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very  likely  to  provide  a  home  for  maculatus  and  must  be  viewed  with  great  siispicion. 
In  the  very  deep  hulas  of  some  of  the  hilly  estates  in  Cachar,  e.g.,  at  Scottpore 
and  Bandhu,  maculatus  is  found  and  the  spleen-indices  of  such  estates  is  very 
high.  Although  seepage  is  most  likely  to  be  foimd  in  each  deep  hula  with 
its  extensive  earthen  filter  bed  above  them,  yet  springs  may  be  seen  also  in 
shallow  hulas,  for  instance,  where  there  is  impervious  rock  not  far  beneath 
the  surface.  All  springs  must  be  viewed  with  some  anxiety  because  of  the 
likelihood  of  their  supporting  tnacuUUits,  One  estate  visited  in  Cachar,  viz., 
Thailu,  had  a  set  of  lines  near  to  one  of  these  shallow  rocky  hulas  with  many  springs 
in  it  and  the  spleen-index  was  near  100  per  cent.*  No  maculatus  was  actually 
found,  but  it  might  be  strongly  suspected  to  have  its  habitat  there  and  to  be 
responsible  for  much  of  the  high  spleen-index. 

In  general,  we  are  incHned  to  believe  that  where  non-perennial  water  is  all 
that  occurs  in  a  hula  and  there  is  a  very  high  spleen -index  of  nearly  100  per  cent, 
then  maculatus  is  to  be  found  and  to  be  largely  responsible. 

Another  point  in  connection  with  hulas  must  be  mentioned,  that  they  are 
used  extensively  for  paddy  cultivation  in  small  plots.  The  water  supply  is  efficient, 
for  not  only  is  the  hula  the  bottom  of  the  catchment  area  for  the  rainfall,  but 
there  is  the  streamlet  to  use  for  irrigation  by  artificial  irrigation  channels  and 
finally  the  earth  on  its  bed  is  often  soaked  with  spring  water.  Except  that  the 
irrigating  channels  are  for  all  practical  purposes  active  streamlets  breeding 
fune^us,  though  probably  never  perennial,  the  paddy  cuHvation  has  probably  no 
ulterior  effect. 

When  a  hula  has  been  degraded  to  such  an  extent  that  the  bed  has  only  a 
very  slight  fall,  the  fact  that  it  acts  as  a  sump  for  the  local  rainfall  which  cannot 
easily  flow  away  often  leads  to  it  becoming  a  deep  swamp  choked  with  grasses 
and  weeds  and  unsuitable  for  paddy  cultivation,  e.g.,  at  Phulcherra  in  Sylhet.  Such 
hulas  where  the  grade  of  the  stream  is  low  and  the  flow  sluggish  and  wherein  is 
much  stagnant  foul  swamp  (although  they  support  funestfM,  aoonilus  and  kartoart) 
are  not  associated  with  a  high  spleen-index,  one  of  about  20  per  cent.  They  are 
river  beds  in  senescenie  and  it  will  be  remarked  that  their  effect  is  comparable 
to  the  young  active  low-graded  meandering  streams  on  the  pathar.  Grade 
seems  again  to  be  the  important  point. 

Swamps.  We  have  already  referred  to  swamps  above,  first  as  a  sjmonym 
of  certain  bhils,  secondly  as  seepage  outcrops  in  hulas,  and  finally  as  sumpage 
into  hulas  so  lowly  graded  that  it  is  retained  and  become  foul  and  stagnant.  Beally, 
the  first  and  thirds  are  of  the  same  essential  nature  and  their  effects  similar.  In 
cases  where  there  is  permanent  swamp  closely  related  to  perennial  streams  and 
an  associated  high  spleen-index,  this,  of  course,  is  ascribable  to  the  perennial  stream. 


*  This  particular  hula  wae  reported  not  to  carry  permanent  water  in  it.  It  was  a  fairly  bi^ 
one  and  might  very  well  have  done  so  at  any  rate  a  little  below  the  point  examined  :  in  which  case 
the  proximity  of  the  lines  so  close  to  a  perennial  stream  in  which  indeed  great  numbors  ckf 
funsstui  were  found  is  explicable  per  m. 
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It  only  remains  to  mention  that  in  our  survey  exceptional  instances  of  a  com- 
paratively high  spleen-index  (about  35  per  cent)  were  recorded  which  were  apparently 
due  to  permanent  swamps  at  the  foot  of  a  range  of  hills  abutting  on  the  pathar. 
The  swamp  water  was  apparently  of  spring  water  from  the  hills  behind  and  this 
was  running  away,  so  that  the  swamp  might  be  considered  quite  analogous  to 
grassy  edged  perennial  streamlets,  and  the  efEect  similar. 

Malaria  on  Pathar  or  Tila.  In  the  Surma  Valley  it  was  a  very  striking  fact 
that  with  certain  exceptions  already  adverted  to,  the  situation  of  lines  on  different 
heights  of  banks  or  tilas  above  the  pathar,  or  on  the  pathar  did  not  seem  to 
influence  the  spleen-index  at  all.  Two  estates  (Phulcherra  and  Chandpore)  on 
equally  low  banks  adjacent  to  the  pathar  had  spleen-indices  as  wide  apart  as 
20  per  cent  and  80  per  cent.  There  could  be  no  question  on  such  estates  of  the 
intervention  of  maculatus  in  seepage  swamps  at  the  foot  of  these  low  banks  for 
there  were  no  such  swamps,  so  that  it  can  fairly  be  agreed  that  a  high  spleen-index 
or  a  low  one  nxay  equally  well  be  seen  on  estates  planted  on  high  banks  and  may 
likewise  be  altogether  due  to  other  factors  than  the  maculatus  one. 

Paddy  Cultivation,  This  hete  noire  of  sanitarians  is  involved  in  all  that  has 
been  said  above  regarding  rivers,  drains,  bhils,  hulas,  swamps,  and  so  on,  but  it  is  as 
well  to  note  in  this  place  that  paddy  cultivation  is  only  dangerous  in  so  far  as  the 
land  on  which  it  is  found  would  be  dangerous  if  it  were  not  cultivated.*  Thus 
paddy  grown  in  a  bhil  would  be  associated  with  the  same  sort  of  spleen-index  as 
the  bhil  uncultivated. 

In  the  original  report,  the  above  conclusions  were  succeeded  by  our  Appendix 
(No.  IV  B)  illustrating  differences  between  Cachar  and  Sylhet  Districts.  This 
Appendix  will  be  filed  with  the  I.  T.  A.,  Calcutta,  for  reference,  if  required. 

•  Probably  the  formation  of  irrigation  channels  where  were  none  before  would  make  matters 
worse. 


Digitized  by 


Google 


PART  V. 

GENERAL    CONCLUSIONS    REGARDING 
MALARIA  IN  ASSAM  TEA  GARDENS.* 


If  we  were  to  submit  in  detail  our  conclosions  f  r^arding  the  malaria  in  ihe 
AsBara  Tea  Gardens,  the  procedure  would  involve  much  repetition  of  what  has  been 
written  above  relative  to  the  two  great  valleys,  and  such  repetition  would  appear 
to  be  scarcely  justified,  for  no  particular  distinction  between  them  can  be  traced 
in  any  important  character. 

The  reader  is  therefore  invited  to  refer  to  those  chapters  on  Malaria  in  the 
Assam  Valley  and  in  the  Surma  Valley  on  pages  78  and  93  respectively. 

The  conclusions  drawn  there  are  supported  by  those  obtained  from  the 
analysis  in  Part  III  of  the  seasonal  incidence  of  malaria  and  mosquitoes,  and  this 
section  may  also  be  referred  to  on  page  49.  For  instance  in  either  valley  we  have 
decided  that  the  perennial  grassy -edged  streamlets  are  of  the  greatest  danger  and 
this  is  in  accord  T?sith  the  prevalence  of  the  anophelines,  which  normally  occupy 
such  streanxs,  being  correlated  seasonally  with  the  malarial  incidence. 

Finally,  a  reference  may  be  made  to  the  contributions  of  the  Tea  Estates 
Medical  Officers  in  Part  II  (on  page  19  e(  seq).  There  it  will  be  seen  how  the 
incidence  of  malaria  in  each  selected  district  conforms  to  our  main  conclusions, 
exhibiting  also  interesting  features  of  other  importance.  Sir  Malcolm  Watson's 
main  conclusions  (1924),  regarding  malaria  in  its  relation  to  the  lie  of  the  land  in 
Lakhimpore  District,  is  given  in  Appendix  V  (B).  Appendix  V  (C)  is  an  analvas 
of  the  data  in  the  two  valleys  with  an  attempt  at  an  explanation. 

*  The  Assam  Tea  Gardens  comprise  those  in  the  two  great  valleys,  the  Assam 
(or  Brahmaputra),  and  the  Surma. 

t  Wo  give  in  an  Appendix  V  (A)  the  conclusions  as  submitted  in  the  Report  on  the 
PreliminaiT  Survey. 
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PART  VI. 
RECOMMENDATIONS. 

We  will  not  here  tiaveise  the  whole  gamut  of  anti-malarial  operations  which 
are  on  the  list — ^lots  of  them  never  would  be  missed — but  rather  restrict  ourselves 
to  those  which  appear  to  us  to  be  the  best  for  the  particular  conditions  which  we 
have  found  in  the  Assam  Tea  Grardens.  For  those  who  wish  to  study  all  the  devices 
from  which  a  selection  can  be  made,  reference  is  invited  to  Boss'  '  Prevention  of 
Malaria.' 

It  must  be  distinctly  understood  that  the  recommendations  which  we  will 
make  are  the  very  general  ones  which  are  indicated  by  our  very  general  survey  of 
Assam.  We  give  no  others,  but  that  means  that  they  are  applicable  to  every 
estate.  On  the  other  hand,  if  the  principles  on  which  our  recommendations  have 
been  based  be  understood,  there  can  be  no  limit  to  the  ingenuity  with  which 
measures  can  be  devised. 

It  must  now  be  recalled  that  the  main  objects  of  our  enquiry  were  to  find  out, 
if  possible,  if  healthy  sites  on  the  garden  lands  are  available,  to  localise  anti-malarial 
operations  within  the  danger  zone  of  human  habitations,  and  to  find  out  which 
species  are  causing  the  damage  so  that  specific  measures  may  be  instituted  to  deal 
with  them,  and  we  accordingly  submit  our  recommendations  on  the  basis  of  our 
conclusions  in  these  and  cognate  matters. 

Site  selection. 

If  it  be  decided  to  plant  human  habitations  on  the  gardens  in  as  healthy 
sites  as  possible,  our  findings  indicate  the  best  which  are  available.  To  do  that 
also  connotes  a  knowledge  of  what  sites  are  dangerous,  for  they  must  be  avoided  as 
far  as  possible.  Watson  in  Malaya  found  that  unibrosus,  a  strong  ilier,  was  of  no 
economic  importance  if  its '  breeding-place  '  was  more  than  a  quarter  mile  away.  This 
species  is  of  low  infectivity,  and  one  of  high  infectivity  would  probably  be  dangerous 
at  this  distance.  A  half-mile  away  from  funestus  breeding-places  would  probably 
be  economically  safe. 

We  do  not  subscribe  to  the  view  of  the  mugwumps  that  one  can  do  nothing 
on  an  estate  if  neighbours  will  not  co-operate.  Malaria  elsewhere  is  very  local 
in  her  operations  and  in  this  regard  nothing  exceptional  in  Assam  has  been 
observed. 

It  seems  too  ridiculous  that  in  the  past  the  estate  Medical  Officer  has  been  so 
little,  if  ever,  consulted  in  the  matter  of  site  selection.     Human  habitations,  both 
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cooly  and  European,  have  just  been  dumped  down  anywhere,  with  the  result  that 
millions  of  rupees  have  been  lost  to  the  tea  industry  which  could  have  been  saved. 
Perhaps  perfectly  good  health  to  the  cooly  and  the  Babu  and  the  European,  with  a 
corresponding  gain  to  their  happiness  and  prosperity  and  vastly  greater  profits 
to  the  industry,  have  been  sacrificed  on  the  altar  of  ignorance  in  making  the  lay- 
out of  a  garden,  at  any  rate  as  far  as  human  habitations  are  concerned,  subject 
to  the  mere  whim  of  a  thoughtless  person. 

Where  this  has  happened,  there  is  now  but  the  alternative,  presuming,  of  course 
that  something  is  to  be  done,  of  sacrificing  the  cost  of  such  habitations  and  moving 
them  elsewhere,  or  of  trying  to  make  them  healthy  in  situ  quo.  The  compara- 
tive cost  of  attaining  the  same  result  must,  of  course,  be  calculated  in  each  instance 
before  taking  a  decision. 

For  instance,  sometimes  it  appears  necessary  to  cut  out  tea  in  order  to  provide 
a  suitable  site,  and  apart  from  any  humanitarian  aspect  of  the  problem,  whether 
it  would  be  more  profitable  to  do  this  and  have  healthy  coolies  at  the  cost  of  the  tea, 
or  to  leave  them  in  an  imhealthy  site  must  be  calculated  by  the  administration, 
as  it  can  be  exactly  for  each  alternative. 

Generally  speaking,  we  have  seen  above  that  habitations  placed  near  to  great 
or  moderately-sized*  active  rivers  are  comparatively  healthy,  and  if  along  their 
banks,  any  place  can  be  found  away  from  permanent  streams  tributary  to  the 
rivers,  or  away  from  bhils,  malaria  would  probably  be  non-existent  there. 

Another  site  which  is  very  desirable  is  on  the  "  pathar-level."  By  this  is  meant 
any  wide  extent  of  apparently  level  paddy  land,  usually  the  flood  plain  of  a  big 
river.  The  confonnation  of  the  great  valleys  of  Assam  is  essentially  a  series  of 
terraces  *one  above  the  other  and  the  surface  of  any  terrace  is  usually  called  the 
pathar.  But  no  habitation  on  the  pathar  should  be  placed  near  any  bhil,  or  to  a 
grassy-edged  streamlet,  particularly  where  its  course  is  fairly  straight,  the  water 
clear,  and  the  bed  silty.  Saving  this,  the  site  may  be  in  the  middle  of  the  pathar 
or  on  one  of  the  tilas  or  banks  which  everywhere  are  seen  arising  out  of  the  pathar. 

No  healthy  site  can  be  found  anywhere  near  to  a  perennial  streamlet,  even  a 
mile  away  is  productive  of  a  spleen-index  of  about  20  per  cent.  If  one  can  find  a 
place  far  enough  from  such  a  streamlet  and  also  far  enough  from  a  bhil  and  near 
to  no  hulas  especially  such  as  are  planted  with  rice,  that  place  would  probably  be 
quite  free  from  malaria. 

If  these  provisos  cannot  be  met,  the  only  thing  to  do  is  to  get  as  far  as  possible 
from  the  sources  of  danger,  and  complete  the  work  by  other  anti-nvalarial  opera- 
tions. 

The  principle  of  site  selection  is  involved  in  the  common  colonial  doctrine  of 
not  placing  the  pioneer's  house  anywhere  near  a  native  bazar,  wigwamry  or  kraal. 


*  A  moderate-Bized  Btream  may  be  to  some  extent  dangerous  if,  during  the  dry  season,  it 
leases  pools  of  water  in  its  bed. 
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A  hospital  should  be  avoided  like  poison.  In  this  application  of  the  principle  one 
merely  protects  oneself  from  mosquitoes  most  likely  to  be  infected  and  only  runs  the 
risk  of  infection  from  others  less  likely  to  be  infected. 

There  is  no  doubt  but  that  the  further  the  cooly  lines  and  bustees  are  placed 
from  one  another  the  less  is  the  chance  of  cross  infection,  but  at  the  same  tinxe  in  a 
highly  endemic  area  that  will  not  be  sufficient  to  save  their  inhabitants,  while 
anti-malarial  operations  will  be  more  difficult.  Many  medical  officers  in  Assam 
prefer  the  cooUes  to  be  as  scattered  as  possible,  but  as  long  as  human  beings  have 
to  be  provided  with  sanitary  surroundings  and  other  amenities  of  civilisation,  they 
will  have  to  accommodate  themselves  in  aggregations  in  towns  and  villages.  It 
would  be  just  as  reasonable  for  Calcutta  residents  to  wish  to  do  their  office  work 
on  the  moors  of  Scotland.  In  the  event  of  a  healthy  site  not  being  found  in  the 
lay-out  of  an  estate,  it  is  advisable  to  have  the  human  habitations  as  near  the  centre 
of  the  estate  as  possible  so  as  to  afEord  the  greatest  subsequent  freedom  for  anti- 
malarial operations  around  the  site. 

If  these  principles  be  in  future  used  with  intelligence,  it  may  be  safely  said 
that  a  great  deal  of  money  and  nusery  will  be  saved. 

Another  point  in  this  connection,  though  of  minor  importance,  should  be  borne 
in  mind.  On  most  estates  on  alluvial  tracts  there  are  usually  here  and  there  some 
lenticles  of  a  shingly  or  sandy  nature.  Such  patches  are  very  good  sites  for  lines, 
for  surface  water  in  immediate  proximity  to  the  lines  is  minimal  in  quantity. 

MosquUo  control,  * 

Probably  the  most  important  of  the  various  objects  of  a  malaria  survey  is  the 
indication  of  the  species  which  are  causing  the  trouble  with  the  economical  view  of 
dealing  with  them  alone  and  these  by  appropriate  measures. 

In  this  survey,  we  have  concluded  (see  also  page  14),  that  funesttM  and 
aoonitus  are  the  universally  important  factors  in  the  problem,  that  maculattis,  f 
umbrosus  and  culicifacies  in  certain  places  must  be  considered,  wUle  jeyporiensis 
occurring  here  and  there  cannot  be  of  serious  importance  to  the  tea  gardens. 

Before,  however,  discussing  these  species  further,  we  must  nwike  one  or  two 
general  remarks  concerning  mosquito  control. 

The  first  thing  is  we  must  always  remember  to  work  outwards  from  an  affected 
centre,  so  as  to  get  the  maximum  benefit  as  soon  as  possible,  and  continue  doing 
that  till  success  is  attained.  In  this  regard,  some  renxarks  have  been  made  above 
concerning  the  probable  danger  distance  of   the  production  areas  of   the  species, 

*  In  submitting  this  section,  we  wish  to  say  that  we  do  not  subscribe  altogether  to  the  view 
expressed  in  a  letter  to  one  of  us,  *  I  wonder  if  it  strikes  you  what  a  hopeless  proposition  it  is  in 
Assam  to  try  to  eradicate  the  mosquito — with  the  unlimited  power  of  Gorgas,  one  might  mitigate 
it  slightly,'  but  we  certainly  agree  that  it  would  be  hopeless  to  attempt  to  eradicate  the  mosquito, 
and  needlessly  expensive.  Sir  Ronald  Ross  has  stated  mathematically  in  his  Prevention  of 
Malaria  how  merely  a  slight  reduction  of  mosquitoes  has  a  more  than  proportionate  effect  in  the 
reduction  of  malaria. 

t  The  evidence  which  we  have  collected  against  this  species  is  more  oircomstantial  than 
direct.    More  research  is  required  in  conneotion  with  it. 
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but  the  proof  of  the  pudding  lies  in  the  eating  and  no  one  will  wish  to  do  more  than 
necessary. 

Another  point  in  general  about  mosquito-control  is  that  it  is  better  to  tackle 
the  problem  in  the  mosquito  *  breeding  places,*  that  is  during  the  fly's  larval  state 
when  measures  can  be  restricted  to  a  limited  area,  from  which  the  lah'^ae  cannot 
escape.  In  the  adult  stage  they  have,  of  course,  much  more  scope  for  eluding  us. 
Perhaps  the  adult  can  fly,  as  reported  in  America,  30  miles. 

Now,  while  we  will  discuss  here  the  control  of  all  of  the  species  mentioned,  we 
would  as  a  general  principle  recommend  that  all  anti-malarial  work  undertaken 
on  estates  should  be  focussed  first  on  the  extermination  of  funestus  and  (kxmitug. 
Even  where  the  other  species  on  the  black  list  are  to  be  found  and  may  be  causing 
trouble,  these  two  species  are  almost  certainly  to  be  found,  and  we  feel  confident 
that  if  a  campaign  against  them  be  initiated  and  nothing  more  be  done,  then  the 
malaria-rate  in  the  tea  gardens  will  largely  disap|)ear. 

With  this  in  view  let  us  recall  where  funestus  and  aconitus  are  to  be  found  so 
that  we  may  deliver  them  a  shrewd  blow  and  not  waste  our  financial  and  muscular 
energy  on  anything  else,  and  then  let  us  discuss  the  most  appropriate  measures  for 
dealing  with  them. 

funestus  and  aconitus  are  found  in  great  numbers  in  the  grassy  edges  of  streams 
(Fig.  12),  whether  perennial  or  non-perennial,  though  the  grade  of  a  stream  seems  to 
have  an  important  bearing  on  their  numbers.  Thus  on  the  so-called  pathar-level 
they  are  not  so  common :  however,  one  may  often  find  them  in  swamps,  bhils  of 
still  water,  tanks,  ponds,  and  such  like  places.  Perennial  streams  are,  we  have  seen, 
very  dangerous  and  probably  in  general  the  places  where  water  Ues  the  longest 
are  most  so  and  Should  be  attended  to  first. 

As  perennial  streams  are  so  important,  it  must  be  remembered  that  they  form 
but  an  element  in  certain  parts  of  the  general  pliysiographv  of  the  country,  such  as 
hulas,  jans,  etc.,  and  therefore  any  recommendations  made  for  the  treatment  of  the 
streams  may  have  to  be  modified  to  suit  the  local  conditions. 

We  recommend  the  following  treatment  of  these  streams.  The  first  thing  to 
do  is  to  canalise  them,*  in  obedience  to  the  general  principle  of  water  tidiness  : 
It  is  principally  in  the  little  bays  and  pockets  formed  by  the  falling  in  of  the  banks 
that  the  species  are  found.  This  canalisation  should  be  a  capital  charge  and 
nudntenance  an  annually  recurring  one  (see  Appendix  VI).  For  the  latter  (and 
for  other  purposes)  a  sardar,  or  sardars,  and  a  gang  of  coolies  should  be  organised, 
the  Sanitary  Squad. 

When  canalising  a  stream  one  should  follow  the  direction  which  it  has  carved 
out  for  itself  in  nature,  in  obedience  to  the  equilibration  of  forces  represented  in  the 
structure  of  the  earth  and  the  flow  of  the  water  iu  the  stream.  The  cutting-off  of 
loops  is  silly  from  a  dynamical  point  of  view  and  wlien  one  remembers  that  the 
lower  the  gradient  of  a  stream  the  less  is  it  to  tlie  hkiug  of  funestus,  then  the  loop 
elimination  is  undesirable  also  from  a  biological  point  of  view. 

♦  We  proaume  that  Bubsoil  drainage  cannot  be  contemplated. 
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Then  another  operation  than  canalisation  is  necessary,  that  is  the  keeping  of 
the  banks  free  from  grass  at  the  edges  of  the  water  in  which  places  the  species  love 
to  lurk.  This  would  demand  the  constant  attention  of  the  Sanitary  Squad  and 
the  job  might  seem  to  be  an  enormous  one  especially  during  the  rains  imder  the 
luxuriant  conditions  of  tropical  Ufe.  But  it  can  be  effected  as  it  was  in  another 
luxuriant  country,  Panama,  that  is  the  grassy  edges  and  banks  are  sprayed  with 
oil  from  a  knapsack  sprayer  and   the  banks  then  set  fire  to.    After  a  few  such 


Fio.  12,— funestm  and  aconiius  are  found  in  groat  niunbors  in  the  grassy  edges  of 

streams. 

operations  the  earth  becomes  covered  by  a  thick-felted  mass  on  which  grasa  will 
not  grow. 

Oiling  the  grassy-edged  streams  without  the  burning]  process  might^be^tried, 
though  it  is  doubtful  whether  it  would  be  successful  owing  to  the  film  being  rapidly 
washed  away  to  the  centre  of  the  stream  and  for  other  reasons.  Good  reporta 
have  ahfeady  been  published  of  tlie  efficacy  of  Paris  Green  as  a  larvacide  and  when 
opportunity  occurs  to  us  an  experiment  will  be  carried  out  on  a  funestus  stream 
'x>  test  it.  This  substance  when  dusted  on  to  the  surface  of  water  is  said  to  delude 
larva)  into  swallowing  it  in  mistake  for  food  whereby  they  are  poisoned. 
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Canalisation  and  dealing  with  the  grassy  banks  of  the  stream  can  be  dealt 
with,  as  it  has  been  at  Lunading  on  the  Assam  Railway,  by  using  concrete  or  brick- 
work inverts.  Such  work  is  very  satisfactory  though  expensive,  and  should  not  be 
indulged  in  unless  under  special  circumstances  as  in  towns. 

We  feel,  however,  that  all  these  methods  of  dealing  with  the  grassy  edges  of  a 
stream  after  it  has  been  canalised  are  unnecessary  and  inefficient  when  nature  has 
provided  us  with  an  easy  and  inexpensive  means  of  eradicating  the  pests.  If 
merely  a  strip  of  jungle  be  grown  along  the  banks  of  these  streams,  there  will  be  no 
more  funestus.  What  could  be  better,  or  cheaper  ?  We  do  not,  let  it  be  noted, 
ask  that  the  whole  of  a  tea  estate  be  let  go  into  jungle,  but  only  little  strips  along  the 
canalised  streams.  Of  course,  we  would  not  recommend  it  to  those  who  like  to 
splash  money  about,  for  the  entertainment  would  be  most   boring   to  them.     We 


Fig.  13. — It  is  doubtful  if  a  hula  which  runs  dry  for  many  months  in  the  year  is  of 

much  importance. 

rather  invoke  the  physician  who  knows  what  a  faithful  handmaiden  is  Vis  medi- 
catrix  naiurcB. 

Seldom  is  it  that  any  debris  or  grassy  patches  are  seen  in  the  middle  of  these 
streamlets.  If  such  are  found,  they  must  be  attended  to  by  the  Sanitary  Squad, 
whose  watchword  is  water-tidy. 

Now  we  must  refer  to  certain  places  where  these  grassy  streams  are  involved, 
for  instance,  the  hulas,  jans,  swam^^,  bhils,  etc. 

Hidas.  It  is  doubtful  whether  a  hula  which  runs  dry  for  many  months  in  the 
year  is  of  very  much  importance  (Fig.  13).  One  would  be  able  to  dissociate  their 
influence  in  a  locality  from  that  of  simple  perennial  streams  by  treating  the  latter 
only  just  as  one  sometimjes  diagnoses  malaria  from  other  pathologia  by  the  reaction 
to  quinine* 
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Nevertheless,  the  non-perennial  streamlets  in  hulas  often  teem  with  functus, 
and  to  deal  with  these  one  can  do  as  advised  above. 

Hulas,  as  described  previously,  are  usually  planted  with  small  patches  of  paddy, 
and  to  irrigate  it  water  may  be  taken  from  the  he«ui  of  the  hula  in  irrigating 
channels.  These  must  be  treated  in  the  same  way  as  advised  for  the  stream- 
lets. To  have  an  irrigation  channel  covered  in  by  a  riband  of  jungle  will  not  affect 
its  utility  in  any  way. 

As  far  as  the  paddy  itself  is  concerned,  we  will  defer  a  consideration  of  this  to 
a  later  page. 

Jansy  bhUs  and  khalsy  from  which  there  is  a  regular  flow  of  water  :  these,  as 
seen  above,  are  dangerous  and  appear  to  be  so  in  proportion  to  the  number  of 
streamlets  in  them. 

It  must  be  recalled  that  such  places  are  old  river  beds  whose  function  has 
largely  ceased,  other  more  active  river  beds  at  a  lower  level  having  taken  on  the 
duties.  That  being  so,  in  such  places  there  will  always  be  found  a  fall  for  drainage, 
if  we  wish  to  utiUse  it.  And  drainage  must  be  considered  in  relation  to  the  treat- 
ment of  streamlets  in  jans  and  bhils,  for  very  often  these  streamlets  emerge  but 
gradually  from  a  great  swamp  and  their  canalisation  would  be  impossible  without 
first  reducing  by  drainage  the  general  area  of  surface  water. 

In  the  i)aper  read  by  one  of  lis  (C.  S.)  before  the  Assam  branch  of  the  B.  M.  A. 
(1925)  was  the  following  : — Drainage,  strange  as  it  may  seem,  does  not  appear  on 
the  schedule  of  '  measures  of  general  application '.  Three  of  the  malaria-carriers 
prevalent  in  Assam — A,  tnaculalusy  funestus  and  aconitus — ^are  stream  breed,ers, 
so  what  one  does  by  confining  collections  of  water  into  regular  channels  is  to  increase 
the  pace  or  flow  of  the  water  and  therefore  make  it  easier  for  tnaculatusy  funestus 
and  aconitus  to  breed.  Watson  in  1911  demonstrated  this  ;  he  drained  his  swamps, 
whereupon  macuUUus — which  is  not  a  swamp  breeder — obtained  a  habitat  to  its 
liking  and  malaria  was  increased  by  the  measures  taken.*  And  there  is  no  a 
priori  reason  to  suppose  that  what  happened  in  Malaya  would  not  happen  in  Assam, 
or  an  even  worse  thing,  because  here  the  species  funestua  is  so  prolific,  while  it  is 
altogether  absent  in  Malaya.  There  is  no  doubt  whatever  that  it  is  chiefly  in  the 
drains  dug  by  the  native  cultivators  for  irrigating  purpose  that  funestus  and  acanitus 
are  principally  found. 

'  There  is,  however,  the  possibility  that  the  reduction  of  the  area  of  water 
in  a  bhil  may  countervail  the  factor  just  mentioned  and  the  sum  total  of  fuivestus 
output  be  reduced.  Drainage  systems  are  now  being  used  with  this  idea  by 
Watson  to  control  maculalua  and  fune^tus  in  the  Doom  Dooma  gardens. 

From  evidence  obtained  since  wTiting  this,  we  liave  now  come  to  the  conclusion 
that  the  general  reduction  of  water  in  a  jan  by  drainage  certainly  does  countervail 
the  advantage  of  having   swamp  as  opposed  to  running  water,  the  countervailing 


♦  *  Incidentally  this  example  may  dinpose  of  the  ridiculous  hypothesis  that  a  species  of 
mosquito  driven  out  of  one  type  of  habitat  will  establish  itself  in  another.' 


Digitized  by 


Google 


IQg  REPORT  ON  MALARIA  IN  ASSAM  TEA  GARDENS. 

&ctor  probably  being  the  reduction  of  the  nunxber  of  streamlets  in  the  bhiL  For 
an  example  we  refer  to  p.  66  Ba  3  above.  Moreover,  it  is  better,  other  things  being 
equal,  that  land  should  be  available  for  cultivation  than  under  deep  swamp. 

In  this  connection  Watson  (1924)  has  adduced  some  potent  examples  showing 
the  probability  that  drainage  and  drying  of  these  sorts  of  places  is  likely  to  improve 
matters  considerably. 

In  general,  then,  we  may  take  it  that  whatever  the  spleen-index  in  a  locality 
may  be,  it  will  be  reduced,  first  by  drainage  which  acts  probably  by  lessening  the 
number  of  streamlets,  and  secondly  by  canalising  and  otherwise  treating  the 
streamlets. 

Drainage  (Fig.  14).  Too  many  drains  should  not  be  dug  in  any  given  area. 
In   one  garden   we  have   seen  so  many  deep    and   wide  drains  that  there   was 


Fig.  14. — ^Drainage. 

the  merest  trickle  of  water  in  each,  though  the  total  voliune  in  the  collectiiig 
channel  was  considerable.  That  state  of  affairs  is  dangerous.  Dr.  Hugh-Smith 
tells  us  of  one  of  his  estates  where  malaria  was '  only  reduced  by  filling  in  a  number 
of  drains.' 

Drains  should,  if  possible,  have  a  grade  of  between  1  in  250/400. 

Swamps,  Certain  places  are  swampy  without  being  *  jans  '  or  *  bhils.'  Some- 
times they  are  due  to  a  constant  seepage  from  hills  behind,  i.e.,  hill-foot  swamps. 
From  them,  too,  streamlets  gradually  emerge  (Fig.  15,)  and  eventually  find  a 
channel  for  tlieir  escape.  As  swamps,  the  same  principles  as  proposed  for  jans 
must  be  applied,  but  the  technique  of  the  drainage  is  different,  for  here  the  seepage 
must  be  intercepted  by  deep  hill-foot  drains. 

Drains  have  been  proposed  for  jans  and  for  such  swamps  as  described 
in  the  last  paragraph.    Drains  for  carrying  storm-water  only,  as  in  villages,  are 
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also  sometimes  inhabitated  by  funestus.    The  treatment  suggested  for  them  has 
already  been  mentioned,  viz.,  reinforced  concrete  inverts  (Kg.  16). 

BhUs  (in  the  narrow  sense  that  there  is  no  outflow  from  them  but  merely 
act  as  sumps  for  storm-water).  We  have  seen  that  generally  speaking,  bhils  are 
not  responsible  for  a  high  malaria-rate :  nevertheless,  they  may  be  dealt  with.  In 
the  first  place  they,  like  any  of  the  less  '  advanced '  bhils  mentioned  above,  may 
be  drained ;  or,  as  the  water  in  them  is  mainly  sumpage  from  the  local  rainfall, 
this  may  be  precluded  from  entering,  if  not  desired,  by  digging  a  catchment  drain  all 
round  the  bhil  and  its  feeders  and  leading  the  drains  oS  to  some  natural  drainage 
channel. 


Fig.  16.— Swamps  dae  to  seepage  from  hills,  streamlets  emerge. 


If  the  collection  of  water  is  useful,  it  has  been  advised  by  one  of  us  on  a 
group  of  gardens  in  South  Sylhet,  of  which  he  is  in  charge,  to  dig  a  series  of  contour 
terraces  in  the  bhil,  which  will  cut  out  the  dangerous  shelving  bank.  One  of 
the  duties  of  the  Sanitary  Squad  would  be  to  maintain  the  banks  more  or  less  steep. 
The  bhil  could  thus  be  used  as  a  tank  and  convenient  pukka  access  to  it 
devised. 

The  maculaiU8  side  of  the  problem,  as  stated  above  in  many  places,  we 
do  not  consider  to  be  of  much  general  importance  to  the  industry,  though 
where  it  is  found  it  should  certainly  be  feared  and  dealt  with  efliciently.  Its 
habits  have  been  indicated  above  {see  Introduction,  page  11).  Watson  found 
it  in  spring  water  at  the  foot  of  the  banks  at  the^side  of  Jans.  |^  We  found  it  in  hulas, 
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in  spring  water,  and  we  suspect  it  to  be  the  cause  of  certain  high  endemicity 
of  malaria  in  some  of  the  high  tila  gardens  of  Cachar  (Fig.  17).  It  certainly  is 
so  in  gardens  planted  on  the  rocky  foot-hills  of  the  Shillong  spur. 

Hulas  have  already  been  mentioned  as  far  as  their  streams  and  water  channels 
are  concerned,  and  are  also  included  in  the  general  remark  as  to  the  advisability 
of  drainage  in  general  as  a  means  of  reducing  the  funesttis  danger.  The  latter 
suggestion  affects  the  mdculatus  problem  as  well.  Although,  as  mentioned 
above,  drainage  generally  encourages  tnaculalus  and  a  swamp,  vis-a-vis  tnacidatfis, 
is  better  for  health,  yet,  under  certain  conditions,  that  is  not  true,  e.g.,  when 
the  swampy  ground  is  rocky  or  sandy,  in  such  places  it  being  better  to  drain. 
However,  in   view  of   the  probable  benefit  of  drainage  in  reducing  the  funesttis 


tTQ.  16. — ^The  treatment  suggested oonorete  invwrts. 

danger  and  the  doubtfulness  of  the  maculatus  danger,  we  would  drain 
hulas.  Nevertheless,  we  can  devise  the  drainage  to  be  of  most  benefit,  in  case 
rmacuUUus  be  present.  The  drains  must  be  at  the  hill-foot  along  the  contour  to 
intercept  the  seepage  from  the  banks  and  tilas  above.  The  drainage  channels 
ioT  funestus  need  not  be  at  the  hill-foot,  but  they  may  be  there  and  so  hill-foot 
drainage  kills  two  birds  with  one  stone.  Moreover,  a  third  bird  comes  into  the 
brown  under  certain  contingencies,  for  a  hill-foot  drain  is  the  most  suitable  as  an 
irrigation  channel  for  rice  cultivation  and  water  may  be  taken  from  the  head 
of  the  hula  for  this  purpose  and  this  also  may  have  the  effect  of  flushing  out  any 
maculatus  which  Are  present.  To  crown  all  the  riband  of  jungle,  which  we  propose 
should  be  grown  over  the  hula  irrigation  channels  to-  deal  with  funestuSf  wilLako 
have  the  same  effect  of  smothering  maculatus. 
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macuUUua  would  probably  be  more  difficult  to  deal  within  the  stony  streams 
emerging  from  the  Shillong  hills  (Fig.  20).  Springs  of  water  oozing  from  the  hills 
niight  be  dealt  with  by  drainage  and  the  drainage  cum  jungle  method,  though  the 
pools  of  river  water  left  behind  on  the  bed  of  rivers  would  perhaps  best  be  dealt 
with  by  oiling  (Fig.  21):  the  only  objection  to  which  is  its  constantly  recurring 
nature  and  never  ending  expense.  Masonry  works  would  be  effective,  but  aie 
expensive  (Fig.  18).  Small  rocky  streamlets  might  at  small  expense  be  dammed 
across  and  silted  up  in  a  series  of  terraces  (Fig.  19). 

The  culidfacies  danger.  This  is  exemplified  by  the  stream  at  Lumding  where 
the  species  was  found  in  pools  with  maculatus  in  the  bed  of  the  silty  stream.     At 


Fig.  1 7. — ^The  high  tila  gardenfl  of  Oaohar. 

Lumding,  the  medical  officers  tried  the  flushing  system  by  damming  up  the  stream 
to  a  certain  level  and  then  '  letting  it  go  ',  but  eventually  reverted  to  oiling  the 
pools  in  which  the  species  was  found  (Fig.  21).  At  Lumding,  too,  a  big  dhoby 
tank  was  reported  to  have  carried  a  large  number  of  this  species  and  it  was  even- 
tually filled  in. 

With  regard  to  tanks  in  general,  it  may  be  said  that  we  never  found  a  single 
specimen  of  culicifacies  in  any  tank  in  the  Assam  tea  district,  so  the  danger  is 
not  great.  Nevertheleas,  we  obtained  aconitus  and  fuiiestus  in  them  and  as  they 
are  a  necessity,  one  must  be  prepared  to  make  the  best  of  them.  Generally  speaking, 
they  must  be  treated  for  the  eradication  of  funestus  by  destroying  the  grass  and 
weeds  on  their  edges  by  the  methods  advised  above  for  streamlets.  And  a  further 
measure  can  be  advised  :  the  small  fish  found  in  tanks  eat  mosquito  larvae,  so 
they  must  not  be  caught  by  coolies  using  fine  mesh  nets  :  on  the  other  hand  the 
more  big  fish  that  are  caught  the  better,  as  they  eat  large  numbers  of  Uttle  fish. 
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The  utnbrosus  problem,  umbroms  may  be  reckoned  a  potential  danger  where- 
ever  there  is  undrained  jungle.  The  species  will  not  live  in  running  water,  but 
only  in  depressions  on  '  flat '  land  and  in  borrow  pits  or  in  bhils  or  swamps  in 
the  jungle.  Where  these  conditions  exist  there  will  be  danger,  but  with  running 
water  in  jungle  there  will  be  none.  Consequently  every  situation  must  be  judged 
on  its  merits.  We  have  seen  estates  surrounded  by  jungle  with  a  very  low 
spleen-index,  and  habitations  with  a  high  spleen-index  similarly  situated.  When 
the  jungle  has  been  correctly  incriminated,  it  should  not  be  cut  down,  for  then 
funedus  will  make  its  ap]>earance.     The  jungle  breeding-places  should   be    filled 


Fia.  18. — ^Masonry  works  would  be  effective  but  expensive. 

in  or  drained.  Thus  bhils  can  be  drained  or  borrow  pits  filled  up;  umbrosus 
cannot  live  in  a  functioning  drain. 

Above,  we  suggested  covering  up  streamlets  with  ribands  of  jungle,  and  this, 
it  is  now  seen,  is  perfectly  consistent  with  what  is  advised  for  dealing  with 
umbrostts. 

We  will  later  on  advise  that  paddy  or  other  wet  cultivation  be  put  a  stop  to 
altogether  in  hulas,  and  if  tliat  be  done  the  hulas  should  be  drained,  if  that  have 
not  been  abeady  done,  and  then  the  whole  place  allowed  to  revert  to  jungle 
(Fig.  22). 
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While  drained  jungle  is  probably  the  safest  environment  in  Assam  to  live 
in,*  it  nmst  be  remembered  that  there  can  be  but  little  objection  to  cutting 
it  down  in  those  tracts  of  country  which  are,  when  cleared,  comparatively  non- 
malarious,  for  instance,  the  so-called  pathar-level.  Perennial  streamlets  on  the  pathar- 
level  seem  to  be  just  as  dangerous  as  elsewhere,  but  they  can  be  de«lt  with 
effectively  as  described  above  for  funestus. 


Fig.  19.^-Siiiall  rocky  streamlets  might  be  dammed  aoross  and  silted  up  in  a  seriee 

of  terraces. 

We  must  now  make  some  remarks  on  more  general  methods  of  mosquito 
control. 

The  first  concerns  water  tidiness.  When  any  species  breeding-place  is 
*•  tidied  up,"  it  is  rendered  less  suitable  for  the  life  of  the  mosquito  because  its 
protection    and  food  is  removed.     In  pools  and  ditches  of  slowly  running  water, 

*  Mr.  Descennes,  Saperintending  Engineer,  Assam,  tells  as  his  experience  has  been  thaf 
opening  up  jungle  leads  to  ill-health.  On  the  other  hand,  in  the  Assam  Administration  Report 
for  1876-77,  p.  149,  was  the  following :  *  The  comparatively  disproportionate  area  occupied  by 
swamps  and  dense  jangle  growth  ....  the  removing  of  jangle  in  this  recently  irom  the  station 
of  Tara  has  resulted  iu  a  marked  general  improvement  of  health.*- 

8,   AB  8 
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this  implies  the  clearing  out  of  as  much  debris  and  foreign  matter  as  possible,  also 
the  oiling  and  burning  of  all  plant  life  ;  in  streamlets,  it  implies  the  keeping  of  the 
banks  and  edges  clear  of  vegetation  or  facing  them  with  concrete  or  steps,  and 
'  training  '  or  deepening  the  water  channel  to  such  an  extent  that  plants  cannot 
grow. 

Water  tidiness  has  been  the  raison  cTetre  of  the  drains  put  in  at  Lumding. 
where  the  old  earth  drains  have  been  lined  with  a  concrete  invert  (Fig.  23)  con- 
stnicted  of  reinforceed  concrete  and  deep  enough  to  carry  off  the  normal  drainage 
and  the  banks  above  the  drains  shaped  and  smoothed  down  and  turved. 

Secondly,  subsoil  drainage  and  filling.  Subsoil  drainage  will  not  be  dis- 
cussed here  as  in  Assam  it  is  not  "  practical  poUtics  ".    Another  general  measure 


Fig.  20. — MacuUitus  would  probably  bo  more  difficult  to  deal  with  in  the  stormy  streams 
emerging  from  the  Shillong  hills. 

is  filling,  but  it  is  expensive.  The  tank  at  Lumding  was  filled.  The  principle 
is  the  same  as  subsoil  drainage,  that  is,  the  water  is  kept  underground.  In  OrLssa, 
we  have  seen  shallow  natural  nullahs,  which  are  j)rolific  breeding-places  of  certain 
malaria-carrying  anophelines,  filled  in  by  the  natives  to  level  up  the  land  for  rice 
cultivation  ;  an  instance  of  econo^iics  and  sanitation  going  hand  in  hand. 

Thirdly  flooding.  More  might  be  made  of  tliis  measure.  The  practice  is 
to  throw  a  dam  across  a  valley,  the  effect  being  to  create  a  large  body  of  deep 
comparatively  still  water  (Fig.  24),  where  swamps  or  running  streams  existed  before. 
Danger  may  ensue  at  a  later  stage  when  silting  takes  place  to  such  an  extent  that 
there  is  a  mass  of  floating  water  plants.  Moreover,  seepage  below  the  dam 
may  be  a  source  of  danger.    At  a  still  later  stage,  the  embankment  may  hold  up 
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a  solid  mass  of  silt  over  which  the  original  flow  is  distributed  if  it  be  not  retained 
beneath  the  surface    (C.  S.  1925). 

Fourthly,  good  conservancy,  Tliis  has  its  advocates  as  the  sole  means 
necessary  for  averting  malaria,  but  it  was  shown  above  that  a  Jainti  village  on 
the  Shillong  foot-hills,  which  was  spotlessly  clean  (Fig.  25),  was  highly  infected 
with  malaria.  Mosquitoes  would,  of  course,  not  find  so  much  protection  in  a 
habitarion  kept  scrupulously  clean,  but  it  is  obviously  not  a  measure  to  be  of 
more  than  accessory  value  in  deaUng  with  a  hyperendemic  area. 

Fifthly,  paddy  cultivation.  On  a  previous  occasion  one  of  us  after  excluding 
the  paddy  of  the  pathar-level  from  consideration  said  that  one  was  confronted  by 
a  problem  something  like  a  jigsaw  puzzle  complicated  by  the  fact  that  oiling, 
jungle  growing    and    flooding    were    incompatible    with    rice  growing.    At    the 


Fio.  21, — ^Tho  pools  of  river  water  left  behind  on  the  bods  of  river  perhaps  best  dealt 

with  by  oiling. 

same  time  he  wrote  '  further  study  of  the  detailed  observations  which  have 
only  recently  been  concluded  may  of  course  oblige  us  to  modify  the  opinions 
expressed.' 

What  we  have  now  written  below  on  the  subject  is  a  modification  of  the  views 
then  expressed. 

In  the  first  place,  the  paddy  of  the  pathar-level  cannot  be  altogether  excluded 
from  consideration.  Certain  perennial  streamlet?  wliich  course  over  it  must  be 
attended  to  and  the  considerable  tracts  of  paddy  fields  themselves  remain  for 
the  discussion  below. 

In  the  second  place,  we  are  inclined  now  to  regard  the  streamlets  and  irrigating 
channels,  particularly  when  perennial,  as  being  the   particularly  noxious  elements 
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of  the  paddy  field  tracts  when  they  are  not  on  the  so-called  pathar-level.  These 
tracts  of  paddy  lie  on  the  flood  plains  of  the  tributaries  of  the  great  rivers ;  the 
plains  constitute  the  pathar  and  as  the  tributaries  become  smaller,  the  flood  plains 
do  so  also  and  finally  constitute  only  the  beds  of  hulas. 

As  we  ascend  the  flood  plains  (Fig.  26)  from  the  great  river  flood  plains  or 
pathars,  we  find  the  streamlets  becoming  more  and  more  dangerous,  but  it  is 
problematical  to  what*  extent  do  the  paddy  fields  which  are  irrigated  by  those 
streams.  Probably  as  we  go  higher,  and  higher  the  paddy  fields,  like  the  streamlets, 
become  more  dangerous,  though  it  is  never  easy  to  find  funedus  in  them. 

It  is  obvious  that  the  great  plains  of  rice  cultivation  cannot  be  given  up  and 
luckily,  that  would  in  no  case  be  necessary  if  the  streamlets  be  dealt  with,  which 
would  not  interfere  in  any  way  with  the  cultivation. 


Fig.  22. — ^The  whole  place  allowed  to  revert  to  jungle. 

On  the  other  hand,  at  the  top  end  of  the  scale  we  have  the  little  hulas  planted 
with  rice.  The  rice  in  them,  probably,  is  of  some  danger  apart  from  the  irrigating 
streamlets  and  as  from  the  economic  point  of  view  the  hula  rice  must  be  negli- 
gible in  value,  we  ask  that  it  be  given  up.  We  appreciate  the  sentimental  value 
attached  to  it,  but  second  Mr.  Crawford  when  he  says  some  discipline  there  must  be 
on  every  garden  in  the  interests  of  health. 

The  passion  for  rice  growing  seems  to  be  something  of  a  fetish  for  in  V Castes 
and  Tribes  of  India  '  publislied  by  the  Tea  Districts  Labour  Association,  one 
reads  tlie  following  passage  ;  *  Facilities  for  the  acquisition  of  land  have  in  the 
past  been  held  out  as  decided  attractions  to  estates  which  are  in  the  position  to 
grant  holdings,  either  free  or  at  a  nominal  rent,  to  the  permanent  labour  force. 
This  factor  still,  undoubtedly,  carries  great    weight  with  potential  emigrants  but 
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at  the  same  time  many  instances  could  be  cited,  particularly  in^Upper  Assam 
where  khet  land  has  never  been  available,  yet  labour  continues  to  flock  to  the 
estates  in  all  seasons.  It  might  be  argued  that  such  concerns  are  in  this  fortunate 
position  owing  to  their  strong  connection  in  the  recruiting  districts,  but  when 
we  consider  the  favourable  economic  conditions  that  have  obtained  in  the  districts 
during  the  last  three  seasons  and  the  fact  that  sirdars  of  other  estates,  having 
the  attraction  of  khet  land  to  ofEer,  have  also  been  endeavouring  to  recruit,  but 
with  comparatively  indifferent  success,  we  are  forced  to  the  conclusion  that  the 
attractiveness  of  an  estate  lies,  not  so  much  in  the  offer  of  material  amenities  but 
a  feeling  of  confidence  and  faith  in  the  management,  in  brief,  the  personality  of 
the  manager.  • 


Fio.  23. — ^The  old  earth  drains  lined  by  concret-e. 

We  have  heard  everywhere  the  opinion  expressed  that  it  would  be  absolutely 
impossible  to  try  to  run  an  estate  if  the  cooly  has  his  rice  land  taken  away.  In 
spite  of  that  the  next  day  perhaps  that  so  and  so  has  stopped  his  rice  cultivation. 
The  trumpets  have  blown,  but  the  walls  of  Jericko  are  not  even  shaken. 

We  are  quite  convinced  that  the  main  source  of  the  malaria  in  the  tea  gardens 
is  in  the  perennial  streamlets,  and  we  now  merely  dismiss  the  question  of  paddy 
cultivation  (except  that  in  hulas)  rather  lightly  as  we  think  that  there  will  be 
qmte  enough  work  to  do  for  some  time  on  all  the  estates  in  dealing  with  the 
streamlets. 

We  offer  the  paddy  fields  to  the  irresolute  squad  of  managers  as  a  sop  to  their 
sentiments,  while  they  reduce  their  malaria-rate  considerably  by  dealing  with  the 
streamlets.  When  that  has  been  accomplished,  the  position  of  the  paddy  fields  in 
the  residual  malaria  can  be  reconsidered. 
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In  the  meantime  we  cite  what  one  of  us  has  abeady  said  previously. 

*  The  following  suggestion  might  be  made  : — 

(1)  That  coolies  be  given  their  dhan-khet  at  some  distance  from  the  lines 
and  the  intervening  land  not  rice  cultivated,  and  the  lines  concentrated  so  as  to 
reduce  the  total  non-cultivated  area.  I  am  told  that  the  cooly  likes  to  see  his 
rice  growing  imder  his  very  nose,  but  on  the  other  hand  a  prominent  planter 
of  the  Jorhat  District,  in  response  to  a  demand  from  me  that  the  planter  himself 
should  put  us  sugt^estions  as  to  how  the  difficulty  should  be  met,  informed  me 
that  coolies  would  be  quite  content  to  have  their  khets  some  distance  away.  This 
view  seems  borne  out  by  the  fact  that  coolies  will  sometimes  leave  their  kheta 
and  bustees  for  long  periods  to  work  on  estates,  only  returning  for  fhe  harvest. 


Fig.  24. — Create  a  large  body  of  deep  water. 

If  the  lines  then  be  concentrated  on  one  side  and  dhan-khet  parcelled  out 
to  the  coolies  as  far  away  as  possible,  the  intervening  area  can  be  treated  to 
the  special  measures  which  are  necessary,  cither  flooding,  jungle  growing,  or 
draining  and  oiling. 

(2)  If  that  suggestion  be  not  liked,  another  to  l)e  submitted  is  based  on  our 
knowledge  that  it  is  the  small  hulas  which  are  particularly  dangerous  ;  therefore, 
I  would  ask  that  the  cultivation  of  small  hulas  only  be  given  up  and  if  that  be 
not  admitted,  that  at  least  very  dangerous  irrigating  channels  may  be  dealt 
with  in  accordance  with  the  general  principles  laid  down,  though  I  am  afraid  the 
results  would  be  but  jueagre  *  (C.  S.,    1925). 

And  not  only  do  we  offer  the  paddy  fields,  as  distinct  from  the  irrigating 
channels,   as  a  sacrifice  on  the  altar  of  mosquito  control,  but  we  would  urge  that  the 
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primary  effort  should  be  to  deal  with  the  funestus  problem  as  apposed  to  the 
maculatus,  culunfades  or  urnbrosus  danger,  funestus  is  the  keystone  to  the  arch  and 
if  Uiat  be  knocked  out,  the  bridge  will  collapse. 

Measures  aiming  at  reducing  the  chances  of  the  tnosquito  becoming  infedted, 
(1)  Segregation  of  infected  persons.  It  is,  of  course,  better  that  all  infected 
persons  should  be  gathered  into  one  place  than  that  each  should  be  the  centre  of  an 
infective  area.  That  place  should  be  the  hospital,  which,  of  course,  provides  other 
advantages  than  that.  Adults  with  fever  often  have  the  peripheral  circulation 
infected  with  the  plasmodia,  if  only  for  a  short  tinie ;  children,  on  the  other  hand, 
as  numerous  observers  have  pointed  out,  are  the  chief  sources  of  infecting  the 
mosquito,  having  gametocytes  in  the  peripheral    circulation  comparatively    often. 


Fig.  2i).  — a  Jainti  village  spotlessly  olean. 

Christophers  and  Khazan  Chand  (sec  reference)  foimd  the  parasite  in  80  per  cent 
of  the  children  they  examined  at  the  close  of  the  malaria  ci)idenuc  season  (at  Nalbari 
in  November) :  we  did  not  find  anvthing  Uke  so  high  a  rate  but  our  results  were 
obtained  from  films  taken  all  through  the  year. 

Now  it  is  notorioas  that  coolies  in  the  Surma  Valley  generally  have  established 
the  tradition  of  not  going  to  hospital  when  ill.  Hospitals  are  about  as  much  use 
to  them  as  bath-rooms  in  the  shearers'  huts  of  Queensland  sheep  stations,  where 
at  least  the  bath-rooms  are  used  for  the  storing  of  potatoes.  Wliether  it  would  be 
possible  to  break  down  that  cooly  tradition  is  a  question  not  difficult  to  answer. 
Perhaps  even  in  the  Assam  Valley  it  would  be  possible  to  get  more  of  the 
malaria-stricken  coolies  into  the  hospitals  than  is  usually  accomplished.    A  lofty 
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ward  jack-roofed  and  cowled  is  not  likely  to  be  undiily  hot,  but  in  any  case  sick 
coolies  would  probably  benefit  generally  by  ha^dng  punkhaa  (electric  or  otherwise) 
in  the  ward  and  a  hospital  so  fitted  would  doubtless  be  more  attractive.  With 
regaid  to  the  children,  the  fact  that  very  often  there  is  no  apparent  ilhiess  and  the 


Fig.  26. — ^As  we  ascend  the  flood  plains. 

child  may  be  running  about  while  his  blood  be  invaded  by  gametocjrtes  makes 
matters  more  difficult  and  there  appears  to  be  nothing  for  it  but  to  examine  a 
film  from  every  child  and  look  for  the  parasites  imder  the  microscope. 

(2)  Screening,  Having  got  the  coolies  into  hospital,  it  should  be  screened 
(see  below).  If  he  be  not  under  a  screen  every  cooly  in  hospital  with  malaria  should 
be  put  under  a  mosquito-net  from  dusk. 

(3)  Quinine  to  sterilise  the  blood. — The  above  measures  in  themselves  would 
suffice  to  reduce  the  malaria  infection  rate  considerably,  but  apart  from  them  the 
blood  of  the  infected  persons  should  be  sterilised  by  quinine.  In  his  paper  to  the 
Assam  Branch  of  the  B.  M.  A.  (March  1925),  one  of  us  (C.  S.)  said :  *  The  carriers 
from  whom  the  mosquito  mainly  becomes  infected  are  the  children  and  every 
effort  should  be  made  to  treat  them  with  quinine  to  prevent  them  infecting  the 
mosquito.  Parasite  parades  might  be  held  once  a  week  using  Knowles'  and  Das 
Gupta's  (1924)  excellent  thick  film  method  for  discovering  the  parasite.  Quinine 
unfortunately  has  many  limitations  of  which  the  outward  symbol  is  the  excessive 
malarial  incidence  of  the  estates.  It  is  to  be  hoped  the  chemists  will  soon  discover 
something  as  effective  for  the  malarial  Plasmodium  as  trypan-blue  for  Piraptasma 
canw.'  Since  writing  the  above,  the  oijinion  of  many  Assam  medical  officers  has 
transpired,  to  the  effect  that  it  would  be  cheaper  to  dose  all  children  indiscriminately 
rather  than  to  pay  for  the  looking  of  the  parasite,  but  the  choice  is  only  an  actuarial 
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matter.    Colonel  Clemesha  has  informed  us  that  he  has  had  very  good  results  from 
using  this  method. 

Measures  of  protection  of  the  individual  f  ram  the  bite  of  infected  mosquitoes, 
(1)  For  the  EuroiJcan,  some  protection  is  afforded  by  the  use  of  mosquito  boots 
and  the  European  in  Assam  is  to  be  congratulated  on  his  general  attention  to  such 
matters ;  but  this  does  not  protect  other  parts  than  the  ankles.  For  tliis  reason, 
the  use  of  mosquito-proofed  houses  or  at  any  rate  proofed  dining-room  and  lounge 
is  to  be  reconmxended.  And  it  is  probably  more  important  than  anjiihing  else 
that  clubs  should  be  protected.  Nobody  who  has  not  Uved  in  a  screened  house  can 
appreciate  its  comfort.  One  objection  that  is  often  urged  against  it,  is  that  it  is 
impossibly  stifling  in  the  hot  weather.  Certainly  that  is  so  if  the  screening  be 
fixed,  but  if  made  to  be  opened  up  from  sunrise  to  simdown,  one's  experience  is 
that  it  does  not  make  the  air  appreciably  hotter.  This  measure  is,  of  course,  only 
applicable  to  the  higher  staff  of  the  estates. 

'  As  for  the  labour  it  might  repay  the  companies  to  give  it  cheap  and  strong 
bed  nets,  starting  with  those  who  would  apply  for  them.  Everyone  knows  how  the 
cooly  will  get  under  a  net  except  for  his  feet,  but  even  then  his  chance  of  infection 
is  much  lessened  (and  his  feet  ought  to  be  horny  enough  to  look  after  themselves).' 

Mr.  Hobson,  m.l.c,  of  Bertholl,  tx)ld  us  that  as  many  as  50  per  cent  of  his 
coolies  had  nets,  and  a  wonderful  number  of  children  were  born  there  (whether 
pod  hoc  propter  hoc  he  did  not  give  an  opinion). 

(2)  Airy  houses,  etc.  Cfiang  bungalows  for  the  staff  are  the  best  type  as  there  is 
more  air  about  them  and  about.  The  design  in  view  should  be  primarily  the 
obtaining  as  much  air  and  to  catch  as  much  of  the  prevailing  winds  as  possible ; 
everything  should  be  subordinated  to  this  idea,  like  ladies  dress  nowadays  ;  windows 
and  doors  should  be  large  and  many ;  dark  cosy  corners  avoided  like  the  plague ; 
fabrics  of  all  sort«  torn  down  and  sent  home  to  the  castles  in  Scotland  or  Spain, 
and  every  tree  which  is  in  the  way  should  be  cut  down  ruthlessly,  even  if  it  was 
planted  by  the  Prince  of  Wales.  One  point  apart  from  air  which  should  be 
mentioned  is  the  desirability  of  having  the  walls  and  ceilings  of  the  rooms  painted 
white :  lizards,  too,  like  them  white,  so  that  they  can  see  their  mosquito  prey : 
another  advantage. 

With  regard  to  habitations  in  general,  we  suggest  that  a  competent  architect 
well  cognisant  of  Assam  conditions  be  commissioned  to  draw  up  a  series  of  standard 
designs  for  different  grades  of  the  estate  staff:  the  doctor  should  have  the 
best.  The  result  would  probably  be  pleasing  to  the  eye  and  useful  as  an 
anti-malarial  work. 

To  crown  all,  electric  punkahs  are  very  much  to  be  desired  as  a  means  of  preven- 
ting mosquitoes  biting.  Coolies  to  drag  a  pull-punkah  appear  to  be  unprocurable 
nowadays. 

Intrinsic  protection  of  the  individual, 

(1)  Quinine  prophylaxis.  One  must  now  consider  whether  that  famous 
prophylactic  me^uure -quinine  administration — ^is  useful,  i.e.,  would  quinine  given 
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to  a  whole  labour  force  prevent  it  becoming  infected  by  infected  mosquitoes.  The 
problem  has  been  analysed  by  Dr.  Hermitte  in  an  address  to  the  Assam  branch  of 
the  British  Medical  Association.  He  came  to  the  conclusion  that  quinine  prophy- 
laxis is  efficacious.  He  recommended  two  doses  a  night  to  ensure  perfect  results, 
as  quinine  is  excreted  8  hours  after  its  ingestion  but  thought  that  only  one  dose 
would  do  a  lot  of  good.  On  the  other  hand,  Dr.  Forsyth  in  his  carefully-controlled 
experiment  at  Eacharigaon,  found  that  with  such  a  system  as  one  would  use  in 
ordinary  practice  it  produced  no  good  results. 

Hermitte  did  not  mention  the  very  carefully-conducted  experiments  conducted 
by  Army  officers  at  Salonika  during  the  war.  We  think  that  if  British  army 
officers  with  highly  disciplined  troops  under  war  conditions  came  to  an  adverse 
conclusion  in  the  nvatter,  their  opinion  should  be  regarded  as  final. 

Watson's  opinion  is  that  for  prophylaxis  no  amount  of  quinine  is  of  any  avail 
to  stamp  out  the  disease,  and  that  malaria  will  not  be  eradicated  unless  some 
medicine  vastly  more  effective  than  quinine  is  discovered  (or  mosquitoes  are 
destroyed). 

In  general,  therefore,  it  may  be  concluded  that  quinine  prophylaxis  *  does  not 
offer  sufficient  inducement  to  us  to  trust  to  it  rather  than  to,  say,  mosquito  control. 

(2)  Bonification,  the  high-8c»unding  title  given  to  the  process  of  improving  in 
any  way  the  lot  of  the  labourer  :  much  has  been  written  and  said  on  this  subject 
in  its  relation  to  public  health  and  particularly  malaria,  especially  by  conununists 
who  have  spoken  with  their  tongue  in  their  cheek.  There  is  a  germ  of  truth  in  the 
contention  that  prosperous  persons  do  not  suffer  much  from  malaria.  Suffice 
it  here  to  say  that  while  epidemic  malaria  does  not  appear  to  be  quite  so  serious 
under  a  bonifjHing  regimen,  endemic  malaria  is  not  affected.f 

(3)  Immunity.  Passive  immunity  cannot  be  induced  in  malaria,  at  any  rate 
it  is  not  a  practicable  propasition,  while  the  immunity  or  *  saltedness '  of  persons 
who  have  been  brought  up  in  hyperenderaic  regions  is  the  end-product  of  condi- 
tions which  it  is  now  the  effort  of  everyone  on  tea  estates  to  try  to  avoid. 

It  is,  of  course,  common  knowledge  that  salted  coolies,  the  so-called  *good 
jungly  coolies  '  are  the  best  labour  to  recruit  because  of  their  comparative  inununity, 
but  it  must  be  remembered  that  their  children,  if  bom  on  malarious  estates,  will  have 
to  go  through  the  same  mill  as  their  parents  and  many  will  be  crushed  in  the  process. 

It  would  certainly  seem  nevertheless  a  better  financial  proposition  to  bring 
up  such  children  on  the  estates  than  import  *  yellow-bellies  '  who,  like  the  children, 
must  become  immune  through  suffering.  But  the  jungly  folk  cannot  be  got  in 
sufficient  niunbers,  at  any  rate  at  present,  so  unless  estates  can  be  made  healthy, 
the  others  must  be  entertained  to  the  hospitality  of  the  industry  till  they  have 
shaken  off  the  evil  humours. 

♦  This  must  not  l)e  confused  with  the  attempt  to  storilise  the  blood  of  infected  persons 
(page  125). 

t  The  matter  ^ill  be  the  subject  of  more  extended  notice  on  a  report  by  us  on  the  DooaiB 
now  being  prepared. 
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Accessory  measures. 

We  here  repeat  the  gist  of  what  one  of  us  has  written  elsewhere  (0.  S.,  1925). 

There  are  certain  measures  which  are  quite  ineffective  in  themselves  as  anti- 
malarial agencies,  but  which,  nevertheless,  are  quite  important  in  the  general 
campaign. 

(1)  Edttcalior^  and  'propaganda,  amongst  the  directors,  the  shareholders, 
and  the  coolies  is  required. 

The  cooly  on  some  gardens  is  treated  to  a  cinema  show  and  perhaps  he  could 
be  '  got  at '  in  this  way  by  suitable  propaganda. 

As  for  the  managers  and  directors,  they  have  only  to  be  shown  reasonably 
and  lucidly  what  has  been  accomplished  elsewhere  to  be  ready  to  furnish  the  sinews 
of  war.  In  fact  usually  very  poor  arguments  seem  to  be  effective  in  making  them 
pay  up.  They  are,  hi  course,  nervous  lest  experiments  should  be  conducted  at 
their  expense  and  prove  costly  failures,  for  unfortunately  money  spent  on  the 
prevention  of  malaria  has  not  always  been  repaid-  One  way  of  re-assuring  them 
would  probably  be,  for  the  Assam  branch  of  the  British  Medical  Association,  to 
proceed  by  resolution  from  time  to  time  on  agreed  upon  measures  which  may  be 
confidently  recommended  to  the  public.  One  resolution,  for  instance,  might  be 
that  in  the  future  lay-out  of  a  garden  the  medical  officer  should  be  consulted ; 
the  present  lay-out  of  some  gardens  showing  the  necessity  for  such  a  proposal : 
the  directorates  would  doubtless  feel  that  such  a  proceeding  protects  them  from 
faddists.  The  instance  might  be  cited  of  how  the  executive  in  Malaya  was  let 
down  by  a  highly-placed  medical  officer  who  thinking  qua  the  lady-novelists,  that 
mangrove  forest  was  deadly  got  money  for  cutting  it  down  :  he  acted  in  quil^ 
good  faith,  but  could  not  imagine  that  such  a  measure  converts  a  healthy  place 
into  an  unhealthy  one. 

We  therefore  have  to  put  a  good  case  up  to  the  people  who  provide  the  money. 
Watson  has  said  that  most  of  his  life  he  had  spent  in  fighting  the  men  who  were 
preventing  him  from  fighting  the  mosquito,  so  now  in  Assam  it  is  to  be  hoped  that 
the  directors  will  inmxediately  vote  a  large  sum  of  money  for  propaganda  among 
themselves. 

(2)  Financing  anti-tnalarial  measures.  We  are  very  strongly  of  the  opinion, 
expressed  also  by  Watson,*  that  the  cost  of  anti-malarial  work  should  not  affect 
the  commission  of  the  staff  of  an  estate.  If  it  be  made  to  do  so,  the  practice  will 
act  like  a  dead-weight  on  all  the  efforts  of  those  who  are  trying  to  do  some  good. 

(3)  Technical  education  of  the  Doctor  Baku.  It  is  an  excellent  idea  that 
prompts  Dr.  Hermitte  with  the    sanction    of  his    directors,  Messrs.  Williamson, 

•  Watson  says  :  *  From  exi^rience  of  efforts  at  what  proves  to  be  false  economy  in  the  end, 
I  can  foresee  some  danger  to  the  work,  if  it  affects  the  commission  paid  to  the  stafif  of  the  gardens. 
There  are,  of  course,  arguments  on  the  other  side.  The  main  thing  at  present,  however,  is  to 
get  the  labour  healthier  ;  once  that  has  beon  done,  and  the  st^ff  are  fully  cognizant  of  the  methods 
of  controlling  malaria,  then  they  can  attempt  to  cut  down  exixjnses  to  n  minimum.  My  strong 
recommendation  is,  therefore,  that  the  cost  of  this  sanitary  work  be  paid  from  capital,  or  from 
some  reserve  fund,  and  that  it  does  not  reduce  the  commission  paid  to  the  staff,  who  aft-er  all 
look  on  commiaaioa  as  part  of  their  wages.* 
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Magor  &  Co.,  Ltd.,  to  send  his  Doctor  Babus  in  a  nevet-ending  stream  to  the  School 
of  Tropical  Mediciiie  in  Calcutta.  Every  Doctor  Babu  ought  to  have  a  microscope 
and  know  how  to  use  it.  If  he  went  to  the  School  of  Tropical  Medicine,  he  would 
learn  microscopical  technique  and  how  to  identify  mosquitoes  and  parasites  The 
School  Short-course  is  admirably  adapted  to  meet  the  needs  of  the  tea  estate 
Doctor  Babus. 

(4)  Research.  This  must  of  necessity  be  largely  left  to  institutions  equipped 
for  the  purpose.  One  enquiry  suggested  above  was  the  search  for  more  effective 
chemical  compoimds  than  quinine  for  clearing  the  parasite  out  of  the  blood.  The 
School  of  Tropical  Medicine  fulfils  such  a  function  and  as  it  is  largely  dependent  on 
public  contributions  for  its  ever  increasing  activities,  it  is  to  be  hoped  that  these 
will  not  be  stinted.  In  this  connection  we  may  include  an  appeal  for  better 
statistical  material  to  be  kept  on  the  gardens  for  future  guidance  of  medical  workers. 
Under  '  the  Malaria  Indices '  in  the  Introduction  of  this  report  we  have  drawn 
particular  attention  to  the  advantages  from  the  statistical  point  of  view  of  extend- 
ing the  scope  of  maternity  benefits.  Also,  for  instance,  a  card  index  should  certainly 
be  kept  for  each  cooly  recruited,  stating  whether  his  spleen  was  enlarged,  and  if 
so  by  how  much,  on  his  arrival  on  the  estates,  not  to  mention  other  medical  details. 

(5)  Recruiting  of  susceptible  coolies  should  be  carried  out  mainly  in  the  cold 
weather :  jungly  coolies  can  be  recruited  at  any  season.  The  object  of  this  sugges- 
tion is  to  reduce  the  epidemic  rate  among  those  who  are  bound  to  get  fever  sooner 
or  later,  and  so  minimise  the  dislocation  of  work  on  the  estates.  Moreover,  there 
is  some  evidence  to  show  that  the  greater  the  epidemic  rate  the  more  ^-indent  the 
Closes. 
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PART  VII. 
CONCLUSION. 

We  have  now  reviewed  in  sufficient  detail  the  various  preventive  operatious 
which  we  think  applicable,  and  should  be  applied,  to  Assam  conditions. 

The  economic  loss  to  the  great  tea  industry  from  death,  sickness,  and  defection  of 
good-will,  owing  to  malaria,  must  be  very  great,  quite  apart  from  the  humanitarian 
side  of  the  matter. 

It  is  therefore,  as  stated  above,  very  remarkable  that  so  little  effort  has  up  to 
date  been  made  to  improve  matters,*  when  practically  every  other  country  in 
the  world,  especially  the  plantation  countries,  have,  either  through  their  (Jovern- 
ment  or  private  enterprise,  done  so  much.  Probably  the  reason  lies  in  the  fact 
that  Sir  Ronald  Ross  made  his  great  discovery  here. 

It  is  to  be  hoped  that  now  the  proposals  we  have  made  will  not  be  thought  to 
be  so  complicated  or  expensive  as  to  preclude  any  idea  of  taking  them  up.  They, 
roughly  speaking,  may  be  summed  up  in  two  words,  drainage  and  jungle  growing. 
As  for  drainage,  the  estates  pay  out  many  times  more  for  that  of  the  tea  land 
than  ever  would  be  involved  by  our  scheme.  As  for  jimgle  growing  that  will 
cost  nothing,  and  it  Ls  to  be  hoped  that  this  wiU  not  be  a  reason  for  viewing  the 
suggestion  with  suspicion ;  it  is  not  ever3rthing,  that  costs  much,  which  is  best, 
and  a  dog-rose  is  as  lovely  as  a  hybrid  orchid. 

We  do  not  wish  to  underestimate  the  damage  done  b^  other  species  but  we, 
in  this  conclusion,  reiterate  our  belief  tlidA,  fanestua  (and  aconiiaa)  in  its  *  breeding- 
places,'  are  the  keystone  to  the  arch  of  the  problem.  That  is  why  we  urge  that 
a  dead-set  be  first  made  o.i  the  perennial  streams.  We  really  need  in  Assam  a 
funegtus  year,  just  as  in  England  there  is  a  rat-day  and  a  primrose-day. 

We  beg  that  the  crabsticks  and  mugwumps  will  no  longer  have  any  vogue ; 
they  have  stopped  anything  being  done  for  30  years  since  something  might  have 
been  done.  We  should  no  longer  permit  this  sort  of  letter  which  was  written  by  one 
of  them  to  us  :  '  You  can  imagine  what  a  lot  of  work  malaria  stunts  would  give 
me,  I  fear  with  little  lasting  r  ood *  and  we  no  longer  wish  the  newly- 
imported  medical  officer  to  have  occasion  to  write  '  Preventive  medicine  seems 
unknown  in  these  parts '  which  was  written  by  another  friend. 

There  is  no  doubt  that  on  estates,  if  it  be  not  true  elsewhere,  *  Prevention 
is  better  than  Cure.'     The  medical  officer's  services  in  the  present  state  of  affairs 

*  At  the  School  of  Tropical  Medicine  it  is  truly  astonishing  that  although  malaria  is  the 
disease  which  kills  more  persons  per  annum  in  India  thau  any  other,  yet  no  proyisioa  or  endow- 
ment was  made  for  its  special  study  as  was  done  for  leprosy,  kala-azar,  diabetes,  hook-worm  and 
bowel  diseases. 

(     125    ) 


Digitized  by 


Google 


126  BEPOST  ON  MALARIA  IN  ASSAM  TEA  GARDENS. 

are  only  of  the  value  they  should  be,  to  the  Euiopean  staff,  and  perhaps  to  a  few 
progressively-nunded  Babus.  His  help  to  the  cool}^  is  but  a  travesty  of  medical 
treatment  as  we  know  it ;  the  cooly  only  wants  the  Ayurveda,  and  probably  gets  it. 

But  we  can  largely  impose  our  Western  standards  on  him  through  sanitation 
and  along  this  road  lies  the  best  hope  for  the  future. 

We  have  the  support  for  these  opinions,  which,  while  possibly  generally  realised, 
we  have  not  heard  openly  expressed,  in  Dr.  D.  P.  Williams'  {see  supra)  lament 
that  the  difficulties  of  *  medical '  as  apposed  to  sanitary  work  on  estates  are  so 
great,  and  in  his  conclusion  that  there  is  then  all  the  more  need  for  a  comprehensive 
scheme  in  combating  disease,  chiefly  malaria. 

There  is  only  one  other  point,  and  this  provoked  by  that  word  '  comprehensive  '. 
It  is  our  belief  founded  on  what  we  have  seen  in  other  plantations  that  local  effortB 
are  all  that  is  needed.  It  is  another  blessed  excuse  of  the  mugwumps  that  nothing 
will  be  of  any  avail  if  co-operation  be  not  secured  over  a  large  area ;  while  the  fact 
is,  the  freedom  of  the  British  subject  need  not  be  taken  from  anyone  by  demanding 
that  he  combine  with  his   neighbours  to  carry  out  a  scheme. 

Each  man  now  for  himself  and  the  devil  take  the  hindmost 
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DESCRIPTION  OF  A  HERPETOMONAS  PARASITIC  IN 
THE  ALIMENTARY  TRACT  OF  THE  COMMON  GREEN- 
BOTTLE  FLY,  LUOILIA  SP. 

By  C.  STRICKLAND,  M.A.,  B.C., 
Assistant  to  the  Quick  Professor  of  Biology  in  the  University  of  Cambridge, 

(From  the  Quick  Laboratory,  Cambridge,) 

With  Plates  VIII  and  IX  and  2  Text-figures. 

A  Herpetomonas  has  been  previously  recorded  in  species  of  Lucilia 
by  Patton  in  India  (1908)  and  by  Roubaud  in  the  Congo  (1908),  but 
neither  observer  has  described  the  parasite. 

The  following  paper  is  concerned  with  the  description  of  a  Herpe- 
tomonas  found  in  two  species  of  Lucilia  which  infest  butcher's  shops  in 
Cambridge.    It  is  set  out  under  the  following  heads : 
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Note  on  ike  digestive  tract  of  Lucilia. 

The  alimentary  tract  of  Lucilia  is  similar  to  that  of  Musca  domestica 
and  allied  Diptera.  The  oesophagus  (Fig.  1)  leads  to  the  midgut,  which 
commences  at  a  valve-like  organ,  the  proventriculus.  Before  reaching 
the  proventriculus,  however,  it  branches  to    form    the    oesophageal 
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diverticulum,  which  is  at  first  tubular,  but  later  ends  in  a  large  bilobed 
sac,  sometimes,  though  incorrectly,  referred  to  as  the  *crop/  The 
midgut  is  dilated  slightly,  and  is  succeeded  by  the  small  intestine,  which 
terminates  at  the  point  of  entry  of  the  Malpighian  tubules.  The  hindgut 
commences  at  this  point,  and  ends  in  a  dilated  portion  termed  the 
rectum,  which  opens  to  the  exterior  at  the  anus. 

In  this  paper  the  term  '  crop '  will  be  retained  only  for  the  sake  of 
brevity. 


kindfui 


neeiicm 


Fig.  1.    Showing  the  anatomy  of  the  alimentaiy  traot  of  LucUia. 


The  methods  of  eaumination  of  the  gut  contents. 

The  parasites  were  studied  both  in  the  living  state  and  in  stained 
preparations.  Living  specimens  were  obtained  by  dissecting  out  the 
flies'  intestinal  tract  in  saline  solution,  removing  portions  of  it  to  a 
slide,  and  protecting  with  a  cover-glass.  Stained  preparations  were 
made  from  isolated  portions  of  the  gut,  opened  up  in  a  small  drop  of 
salt  solution  and  smeared  out  in  the  usual  way.  They  were  fixed  in 
absolute  alcohol,  and  finally  stained  with  Qiemsa  diluted  !•:  20.  It  was 
found  that  a  weak  solution  of  the  stain  gave  less  diffuse  istaining  than 
a  stronger  one. 

Morphology. 

The  general  character  of  the  parasite  varies  in  the  different  regions 
of  the  intestine  in  which  it  is  encountered.  The  description  of  the 
various  forms  may  therefore  be  conveniently  arranged  according  as  they 
are  found  (i)  in  the  oesophageal  diverticulum  or  '  crop,'  (ii)  the  midgut, 
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(iii)  the  hindgut  and  rectum,  although  intermediate  forms  between 
the  predominant  types  occurring  in  each  region  are  occasionally  found. 
The  scarcity  of  such  intermediate  forms  probably  depends  upon  rapid 
and  marked  changes  of  form  occurring  in  the  parasites  as  they  pass 
from  one  region  of  the  intestine  to  another. 


I.    The  parasite  in  the  oesophageal  diverticulum. 

In  this  region,  we  find  (1)  small  truncate  pyriform  bodies  (the  so- 
called  cysts),  (2)  oval  forms  without  a  flagellum,  and  (8)  oval  forms 
with  a  short  flagellum.  These  forms  are  connected  by  intermediate 
stages,  and  none  of  them  show  any  signs  of  division.  They  have  the 
following  characters : 

(1)  The  cysts,  as  seen  alive,  are  small  truncate  pyriform  bodies  about 
3'5  X  1*5 /A  in  size.  Their  truncated  appearance  is  due  to  a  small  cup- 
shaped  depression  in  the  protoplasm,  at  what  we  consider  to  be  the 
anterior  extremity  of  the  cell.  The  protoplasm  can  readily  be  seen  to 
consist  of  an  inner  core  of  endoplasm,  invested  by  a  layer  of  ectoplasm, 
which  however  does  not  cover  in  the  endoplasm  at  the  site  of  the 
above-mentioned  depression  at  the  anterior  end  of  the  cell 

In  stained  preparations,  the  ectoplasm,  or  'periplast,'  appears  as  a 
dense  blue-staining  coarsely  sponge-like  structure,  while  the  endoplasm 
is  more  homogeneous,  and  appears  pale-blue  through  the  periplast,  but 
in,  cells  which  have  ruptured  it  can  be  seen  to  be  stained  pale-pink. 
As  was  seen  in  the  living  cell,  the  periplast  does  not  completely  cover 
in  the  endoplasm,  but  leaves  a  tiny  area  where  the  latter  comes  to  the 
surface  at  the  truncated  end  of  the  cell.  The  pale-staining  endoplasm 
may  be  called  the  cytopharynx,  and  its  cup-shaped  entrance  the 
cytostome.  The  lip  of  the  cytostome  consists  of  periplast.  In  those 
cysts  which  have  the  most  diflferentiated  protoplasm,  the  lip  of  the 
cytostome  is  inverted,  probably  by  the  action  of  the  retracting  endoplasm, 
so  that  only  a  minute  aperture,  or  micropyky  is  left  opening  into  the 
cytostome.  The  periplast  is  thus  made  to  fold  over  the  exposed 
endoplasm.  Embedded  in  the  ectoplasm  are  the  nucleus,  blepharoplast, 
and  'chromidia';  and  in  the  endoplasm  traces  of  a  flagellar  apparatus 
can  sometimes  be  seen  as  a  faintly-staining  red  line.  (See  PI.  VIII, 
figs.  1-2,  23-26.) 

The  rmcleus  is  round  and  placed  eccentrically  against  the  side  of 
fhe  cell.    It  consists  of  a  delicately  reticular  matrix,  which  stains 


Digitized  by 


Google 


C.  Stmckland  226 
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pale-pinky  and  it  is  devoid  of  chromatin.  It  causes  a  slight  projection 
of  the  periplast  into  the  cytopharynx. 

The  hlepharoplast  is  a  small  oval  body  constantly  situated  in  the 
periplast  at  the  posterior  end  of  the  cytopharynx,  and  when  any  traces 
of  a  flagellar  apparatus  are  present  in  the  cytopharynx,  they  are  seen 
to  run  up  towards  it.  In  structure,  the  blepharoplast  consists  of  a 
homogeneous- looking  matrix,  which  stains  rosy-red,  and  is  devoid  of 
chromatin.  It  can  be  distinguished  from  the  chromidia,  by  which  it  is 
often  surrounded,  only  by  its  staining  reaction,  the  chromidia  appearing 
deep  carmine. 

The  chromidia  consist  of  a  group  of  deeply-staining  carmine-coloured 
granules,  each  of  which  is  often  as  large  as  the  blepharoplast.  The 
group  has  a  characteristic  position  at  the  extreme  posterior  end  of  the 
cell,  but  very  often  an  isolated  granule  occurs  close  to  the  blepharoplast, 
the  significance  of  which  is  not  obvious.  The  chromidia  are  often 
obscured  from  view  when  the  periplast  is  densely  stained.  (PI.  VIII, 
figs.  28-26.) 

(2)  The  oval  forms  are  connected  with  the  cysts  by  intermediate 
forms  which  are  about  the  same  length  as  the  cysts,  but  broader.  The 
typical  oval  forms  are  longer  and  possess  a  pointed  anterior  extremity, 
corresponding  in  position  to  the  cytostome  of  the  cyst.  In  stained 
specimens  the  protoplasm  is  seen  now  to  be  undifferentiated  into  the 
periplast  and  cytopharynx.  The  chromidia  are  scattered  throughout 
the  cell,  and  the  nucleus  and  blepharoplast  are  partly  chroma tinised. 
It  is  consequently  very  difficult  to  distinguish  the  blepharoplast  from  one 
of  the  chromidia,  but  it  lies  to  the  side,  or  in  front,  of  the  centrally 
placed  nucleus.    (Pi.  VIII,  figs.  1-2.) 

(3)  The  oval  forms  with  aflagellum  differ  from  the  preceding  forms 
only  in  possessing  a  free  flagellura,  the  length  of  which  equals  that  of 
the  body  of  the  cell,  and  in  the  nucleus  and  blepharoplast  being  more 
chromatinised. 

The  flagellar  apparatus  consists  of  (i)  a  rigid  rod-shaped  and  heavily 
chromatinised  body,  the  rhizoplast,  lying  between  the  blepharoplast  and 
the  anterior  end  of  the  cell,  but  having  no  chromatin  connection  with  the 
blepharoplast ;  and  (ii)  the  young  flagellum,  which  consists  of  a  delicate 
prolongation  of-  the  cell-protoplasm,  staining  pale-pink,  investing  a 
filament  of  chromatin,  staining  deep  carmine,  which  runs  into  the 
anterior  end  of  the  rhizoplast  (PL  IX,  fig.  6).  In  those  cells  possessing 
a  divided  rhizoplast,  two  chromatin  filaments  may  be  present  in  the 
protoplasmic  prolongation  of  the  cell,  each  arising  from  one  of  the 
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halves  of  the  rhizoplast  (PI.  YIII,  fig.  5).  Usually  the  blepharoplast 
shows  no  signs  of  division,  but  forms  may  occur  in  which  it  has  divided, 
although  there  are  no  signs  of  division  elsewhere. 

Other  forms  may  be  seen  with  two  chromatin  filaments  in  the 
flagellum,  as  described  above,  but  with  no  signs  of  division  in  the 
rhizoplast    (PL  VIII,  figs.  3-6.) 


11.    The  parasite  in  the  midgut  and  small  intestine. 

The  parasites  found  in  this  region  of  the  gut  are  quite  distinct  from 
those  seen  in  the  '  crop,'  and  intermediate  forms  are  difficult  to  find. 

Both  in  living  and  stained  specimens,  they  are  seen  to  be  in  a  state 
of  very  active  division,  so  that  a  portion  of  the  gut  sometimes  contains 
literally  myriads  of  them. 

In  the  living  state,  the  form  of  the  parasite  is  seen  to  be  very 
variable,  but  often  it  is  like  a  greatly  elongate  cone  with  the  flagellum 
at  the  base  of  the  cone.  The  flagellum  is  long  and  wavy.  The  body  of 
the  cell  measures  15  to  20/4x3/^;  the  flagellum  is  25  to  40 /^  long. 
Dividing  cells  are  broader. 

The  following  structural  details  are  observable  in  stained  specimens : 

(a)  The  cell  protoplasm  is  finely  alveolar  and  stains  bright-blue, 
there  being  no  differentiation  into  periplast  and  endoplasm.  It  contains 
the  nucleus,  blepharoplast,  rhizoplast,  and  chromidia  ;  and  forms  a  fine 
membrane  about  the  chromatin  of  the  flagellum.  In  dividing  cells  the 
protoplasm  has  a  coarser  structure. 

(6)  The  nucleus  is  spherical  and  situated  in  the  centre  of  the  cell. 
It  consists  of  a  reticulate  achromatinic  matrix,  staining  pale-pink,  in 
which  lies  a  network  of  chromatin,  thickened  at  the  nodes  of  the 
reticulum.  The  following  stages  in  the  structure  of  the  dividing  nucleus 
may  be  observed : 

(i)  The  nucleus  consists  of  the  achromatinic  matrix  without  the 
finer  parts  of  the  chromatin  network,  so  that  the  latter  appears  coarser 
and  the  nodal  points  thicker.    (Fig.  2  6.) 

(ii)  The  nucleus  has  an  oval  form,  and  lies  across  the  cell;  the 
chromatin  granules  are  aggregated  around  the  periphery  of  the  nucleus, 
and  also  in  a  transverse  line  across  its  longest  diameter.    (Fig.  2  d,) 

(iii)  The  nucleus  shows  chromatin  granules  which  have  become 
flattened  out,  forming  a  peripheral  ring  of  chromatin,  and  a  transverse 
band  lying  nearly  across  the  nucleus,  but  not  touching  the  peripheral 
ri^g-    (Fig.  2/. 
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(iv)  In  thia  stage  the  transverse  band  of  chromatin  is  divided  into 
two  equal  parts.    (Fig.  2g,) 

(v)  The  nucleus  is  seen  to  have  divided  into  two  spherical  daughter 
nuclei,  each  with  a  peripheral  ring  of  chromatin  and  a  short  transverse 
band  of  chromatin.    (Fig.  2  A.) 

(vi)  The  further  stages  are  represented  by  nuclei  in  which  the 
chromatin  network  i^  reformed  by  fragmentation  of  the  chromatin  bands 
and  the  dissemination  of  the  fragments  to  form  a  fine  network  in  the 
nucleus.    (Fig.  2 1,  fc,  I.) 


Fig.  2.    Showing  the  Btraotore  of  the  dividing  naolens  of  HerpeUmonas  lueiliM. 

(c)  The  blepharoplast  lies  midway  between  the  nucleus  and  the 
anterior  end  of  the  cell,  and  is  of  very  variable  form  (PI.  IX,  figs.  1-14). 
In  the  '  resting '  cell  it  is  apparently  a  homogeneous  mass  of  chromatin ; 
but  in  dividing  cells,  the  chromatin  splits  into  two  halves,  which  separate 
and  reveal  a  lighter-staining  intervening  matrix. 

(d)  The  rhizoplaat  is  in  the  same  position  as  in  the  '  crop  '-forms, 
but  it  is  thicker  and  contains  more  chromatin,  and  therefore  stains 
very  densely.  In  some  forms  the  rhizoplast  is  split  longitudinally,  and 
in  such  cases  it  may  be  connected  with  either  one  or  two  chromatin 
filaments  in  the  flagellum. 

(e)  The  flagellum,  in  'resting'  cells,  consists  of  a  chromatin 
filament  surrounded  by  an  extension  of  the  cytoplasm,  as  in  the  '  crop  '- 
forms.  In  some  cases,  whether  the  rhizoplast  be  divided  or  not,  the 
flagellum  contains  a  second  filament  of  chromatin  which  has  no 
connection  with  the  first  filament.  The  two  filaments,  which  may  be 
very  different  in  length,  are  connected  together  by  a  pink  staining 
cytoplasmic  membrane.  In  some  of  the  forms  containing  two  chromatin 
filaments  the  membrane  stretched  between  the  filaments  is  split  either 
proximally,  or  distally,  or  both;  and  in  other  cells  the  division  is 
complete,  the  cell  then  possessing  two  independent  flagella.    In  such 
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cells  Done  of  the  organella  may  be  divided,  a  unicellular  bifiagellate 
creature  being  the  result,  but  these  forms  are  very  rare.  In  yet  other 
cells  we  find  a  cell,  incompletely  divided,  with /our  chromatin  filaments 
in  the  flagellum,  which  must  be  interpreted  as  cells  in  which  redivision 
is  taking  place  prior  to  the  separation  of  the  daughter  cells. 

(/)  The  chromidia  are  scattered  throughout  the  cell.  Relatively 
to  the  other  structures  they  are  very  much  smaller  than  in  the  *  crop  '- 
forms.  The  more  actively  dividing  parasites  seem  to  contain  the  most 
granules. 

The  structure  of  the  parasites  in  this  region  is  therefore  very 
variable,  in  that  they  do  not  form  a  gradual  series  of  forms.  This 
indicates  that  the  sequence  of  division  of  the  various  organella  is  not 
uniform ;  for  instance  in  some  cells  only  the  flagellum  has  divided,  in 
others  only  the  rhizoplast.    (PL  IX,  figs.  1-14.) 

III.    The  parasite  in  the  hindgut  and  rectum. 

In  this  region  the  forms  of  the  parasite  fall  into  three  main  groups, 
which  are  connected  by  intermediate  forms :  (i)  large  oval  flagellates, 
(ii)  round  flagellates,  (iii)  small  oval  forms,  or  '  cysts.'  None  of  these 
show  any  signs  of  multiplication,  either  in  living  or  stained  preparations. 

(i)  The  large  oval  forms  are  found  in  the  hindgut  immediately 
below  the  opening  of  the  Malpighian  tubes.  They  are  less  numerous 
than  the  other  types,  probably  because  this  stage  is  very  transitory. 
They  measure  8  to  lO/ttx  2to3/i,  The  cytoplasm,  as  in  the  midgut 
forms,  is  not  differentiated  into  periplast  and  cytopharynx,  and  stains 
pale-blue.  The  nucleus,  blepharoplast,  and  flagellar  apparatus  contain 
less  chromatin  than  the  corresponding  structures  in  the  midgut  forms, 
and  the  matrix  of  the  nucleus,  which  stains  pale-pink,  is  more  evident. 
The  blepharoplast  still  occupies  the  same  relative  position  to  the 
nucleus  as  in  the  midgut  forms,  that  is,  well  in  the  front  end  of  the 
cell.  The  flagellum  is  much  shorter  than  in  the  midgut  forms,  and 
stains  less  deeply  owing  to  its  being  partly  dechromatinised.  The 
chromidia  have  a  tendency  to  become  grouped  in  the  posterior  end  of 
the  cell.    (PL  IX,  fig.  7.) 

(ii)  The  round  forms  are  chiefly  found  in  the  posterior  part  of  the 
hindgut,  and  in  the  rectum.  In  this  category  we  include  forms  which 
are  not  round  but  oval,  for  the  only  difference  between  them  is  their 
shape.  They  are  of  the  same  length,  about  5  /tt,  but  whereas  the  round 
cells  are  about  5/tA  in  breadth,  the  oval  cells  have  contracted  to  about 
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2  /i.  The  latter  are  very  abundant  indeed  in  the  rectum.  It  appears 
that  the  large  oval  forms  become  rounded  up,  and  that  they  then 
contract  from  side  to  side. 

The  cytoplasm  is  differentiated  into  ectoplasm  and  endoplasm :  in 
forms  probably  representing  a  later  stage  of  development,  the  differ- 
entiation is  extreme,  a  very  dense-staining  periplast  being  formed. 
The  appearance  thus  presented  is  the  same  as  that  of  the  forms 
occurring  in  the  'crop,'  which  have  been  described  above  as  cysts. 
The  nucleus,  blepharoplast,  and  flagellar  apparatus  have  even  less 
chromatin  than  in  the  large  oval  forms.  The  nucleus,  blepharoplast 
and  intracellular  part  of  the  flagellar  apparatus  may  even  lose  all  their 
chromatin;  the  nucleus  then  staining  pale-pink,  the  blepharoplast 
rosy-red,  and  the  intracellular  flagellum  being  invisible,  probably 
because  the  dense  periplast  obscures  such  a  delicate  structure. 

The  blepharoplast  is  now  situated  to  one  side  of,  or  even  just 
behind,  the  nucleus  which  is  slightly  eccentric.  The  rhizoplast  as  long 
as  it  contains  chromatin  is  seen  to  follow  the  blepharoplast  as  this 
passes  backward,  although  there  is  no  visible  connection  between  them. 

The  extracellular  part-of  the  flagellum  is  faintly  stained  but  is  seen 
often  when  the  intracellular  part  is  invisible.  The  chromidia  are  very 
large  in  those  cells  in  which  the  organella  have  lost  most  chromatin : 
they  are  often  with  difiSculty  distinguished  when  the  periplast  is 
densely  stained.  A  single  chromidium  away  from  the  others  is  some- 
times seen  close  to  the  blepharoplast.  The  others  are  grouped  at  the 
posterior  end  of  the  cell  in  the  periplast.     (PI.  VIII,  figs.  10-22.) 

(iii)  The  (yysts  are  found  in  the  lower  end  of  the  rectum  in  very 
great  numbers,  but  are  always  discrete.  They  have  been  described 
above  under  the  *  crop '-forms.    (PI.  VIII,  figs.  23-25.) 

Tcbxonomy. 

The  parasite  above  described  must  be  classed  with  those  described 
by  Prowazek,  Fatten,  Mackinnon,  and  others,  and  named  Herpetomonas. 

It  has  been  recently  suggested  by  Miss  Mackinnon  (1910)  that 
there  has  been  needless  subdivision  of  this  genus  into  species  without 
consideration  of  the  adaptability  of  perhaps  one  species  to  various  hosts. 
I  had  this  in  mind  at  the  time  (1909)  of  conducting  the  observations 
on  this  parasite,  and  accordingly  dissected  some  Mv^ca  domestica,  and 
Calliphora  coendea,  from  the  same  source,  two  butcher's  shops,  as  the 
Ludlia,  but  was  unable  to  find  herpetomonads  in  them. 
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This  species  is  therefore  probably  distinct  from  H,  musette  domes- 
ticae  at  least,  and  I  therefore  propose  for  it  the  name  Herpetomonas 
luciliae. 

It  has  been  said  that  such  parasites  as  these  are  '  biflagellate,' 
because  certain  forms  appear  to  have  two  flagella.  The  appearance, 
however,  is  deceptive,  and  these  parasites  in  reality  only  have  one 
flagellum  in  which  the  two  chromatin  filaments  stain  very  prominently. 
The  term  '  bifiagellate '  is  only  applicable  to  those  forms,  rare  in 
H.  luciliae,  in  which  there  are  two  free  flagella. 

Prowazek,  Chatton,  and  others  would  use  this  inconstant  form  of 
the  parasite — the  so-called  biflagellate  form — with  which  to  define  the 
genus  Herpetomona^,  and  would  separate  it  from  Leptomonas,  which  has 
a  slightly  different  type  of  flagellar  apparatus. 

Miss  Mackinnon,  however,  has  shown  that  a  '  Leptomonas '  in  the 
larval  host  may  become  a  '  Herpetomonas '  in  the  imaginal  host,  and 
that  the  difference  in  the  flagellar  apparatus  is  only  a  matter  of  the 
time  at  which  the  flagellum  divides.  It  seems  therefore  wrong  to  class 
these  parasites  into  two  genera. 

They  would  thus  all  be  named  Herpetomonas,  sensii  Pattoni,  who 
defines  them  as  having  no  undulating  membrane  and  the  blepharoplast 
near  the  anterior  end  of  the  cell. 


The  m/ethod  of  infection  of  the  fly. 

The  experiments  performed  in  order  to  discover  how  the  parasite  is 
transmitted  from  fly  to  fly  were  conducted  in  the  following  manner. 

An  attempt  was  made  to  raise  '  clean '  flies  in  the  laboratory,  but 
owing  to  the  cold  summer  (1909),  and  also  because  the  experiment  was 
begun  rather  late  in  the  year,  the  pupae  obtained  did  not  hatch  out. 
Recourse  was  therefore  had  to  flies  caught  wild,  and  in  estimating  the 
results  obtained  with  these  it  was  borne  in  mind  that  76  %  of  them  had 
been  previously  found  infected 

The  flies  were  kept  in  a  large  fly  net,  but  they  were  with  difficulty 
kept  alive.  They  were  fed  on  fresh  meat  contaminated  with  the 
rectal  parasites  of  other  flies,  and  afterwards  were  killed  at  definite 
intervals  and  examined  for  parasites. 

The  result  was  meagre,  but  three  flies  which  had  been  fed  as 
described  above  showed  actively  growing  cysts  in  the  *  crop '  two  days 
later ;  whereas  of  flies  examined  straight  from  nature,  I  never  found 
one  containing  these  forms  in  the  'crop.' 
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The  fact  that  rectal  cysts  are  found  in  the  '  crop '  of  the  fly  indicates 
that  the  parasite  is  transmitted  from  fly  to  fly  by  contamination  of  its 
pabulum. 

Hereditary  transmission  does  not  take  place.  Several  larvae  from 
eggs  laid  by  infected  flies  were  dissected,  but  parasites  were  never 
found.  Neither  do  these  larvae  become  infected  if  they  feed  on 
contaminated  meat,  this  being  in  contrast  to  Miss  Mackinnon's  observa- 
tions (1910)  on  the  life  history  of  Herpetomonds  from  dung-flies. 

In  the  case  of  H.  lucUiae,  therefore,  I  couclude  that  infection  is 
usually  produced  in  the  imago  by  its  feeding  on  pabulum  that  has  been 
contaminated  with  cysts,  derived  from  other  infected  flies. 


Bioloffy. 

Movement.  The  parasites  that  occur  in  the  'crop'  and  hindgut,  each 
possessing  only  a  short  flagellum,have  little  power  of  progression.  The 
flagellum  waves  feebly  to-and-fro,  but  without  causing  much  movement. 
Those  with  a  long  flagellum,  as  in  the  midgut,  can  only  with  diflSculty 
be  kept  within  the  field  of  vision,  the  flagellum  being  generally  directed 
forward  under  these  circumstances.  The  'cysts'  are  quite  inert,  floating 
about  in  the  fluid  in  which  they  are  examined. 

Orotjoth  and  division.  At  various  stages  in  the  life-history  of  the 
parasite,  the  relative  rapidity  of  its  growth  and  its  change  of  structure 
can  be  estimated  by  noting  the  comparative  numbers  of  the  parasite  at 
that  stage.  In  the  'crop'  the  cysts  and  the  oval  forms  without  a 
flagellum  are  the  rarest,  so  it  must  be  assumed  that  these  forms  are  the 
most  rapid  in  their  growth.  In  the  midgut  the  parasite  does  not  remain 
long  without  division;  while  in  the  hindgut  and  rectum  the  cysts  and 
the  small  oval  forms  with  a  flagellum  are  found  in  enormous  numbers, 
and  consequently  represent  the  slowest  stage  of  growth. 

It  seems  therefore  that  rapidity  of  growth  and  change  of  structure 
is  most  rapid  in  the  upper  part  of  each  subdivision  of  the  gut,  while  at 
the  lower  end  it  is  slowest  and  there  is  not  much  change  of  structure  in 
the  parasite.  Division  only  occurs  while  the  parasite  is  in  the 
midgut. 

Individual  variability.  The  study  of  stained  specimens  of  the 
parasite  shows  that  it  is  very  variable  in  structure,  particularly  in  the 
forms  in  the  midgut,  which  we  may  regard  as  at  the  most  plastic 
stage. 
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Physiology. 

Cytoplasm,  The  cytoplasm  of  the  midgut  forms  shows  no  differen- 
tiation in  structure,  and  therefore  its  function  is  probably  generalised ; 
but  in  the  forms  occurring  in  the  'crop'  and  hindgut,  it  is  more  or  less 
differentiated  into  ecto-  and  endoplasm.  The  ectoplasm  forms  the 
periplast,  the  function  of  which  is  doubtless  to  resist  desiccation  of  the 
cell.  It  is  accordingly  most  marked  in  the  cysts  which,  when  voided  in 
the  excreta,  have  to  withstand  the  effects  of  atmospheric  drying, 
perhaps  for  long  periods.  From  its  structure  it  seems  to  be  formed 
out  of  the  more  solid  spongy  elements  of  the  cytoplasm.  When  water 
and  food  are  plentiful,  as  in  the  '  crop/  the  periplast  soon  disappears, 
which  proves  that  this  structure  is  ill-adapted  for  the  absorption  of  • 
water  and  nutritive  substances.  On  the  contrar}%  in  the  hindgut,  where 
the  excreta  of  the  fly  are  more  and  more  concentrated,  the  periplast  is 
rapidly  formed. 

The  reduced  metabolism  of  the  cell  is  then  carried  on  by  the  endo- 
plasm, acting  through  the  small  area  which  comes  to  the  surface  of  the 
cell  at  the  'cytostome.'  The  endoplasm  is  thus  well-named  the  cyto- 
pharynx.  It  seems,  from  its  structure,  that  this  endoplasm  is  derived 
from  the  more  fluid  '  hyaloplastic'  part  of  the  cytoplasm. 

Later  on,  as  shown  by  the  movements  of  the  chromidia,  the  ecto- 
plasm and  endoplasm  diffuse  into  one  another,  and  then  the  whole 
surface  of  the  cell  is  available  for  absorption.  The  cytostome  would  be 
a  weak  spot  in  the  armour  of  the  cell  under  conditions  of  excessive 
dryness,  were  it  not  for  the  following  changes.  As  more  dryness  is 
experienced  the  cell  loses  water,  thereby  causing  the  cytopharynx  to 
retract,  and  consequently  deepening  the  cytostomic  pit.  The  effect 
of  this  is  to  invert  the  periplastic  lips  of  the  cytostome  over  the  vulner- 
able area,  with  the  exception  of  the  tiny  micropyle  described  above. 
The  cell  is  thus  enabled  to  withstand  prolonged  desiccation. 

Bhizoplast.  The  function  of  the  rhizoplast  seems  to  be  the  secretion 
of  the  chromatin  filament  in  the  flagellum.  This  is  probably  effected 
by  the  protoplasmic  achromatic  basis  of  the  rhizoplast.  When  the 
rhizoplast  loses  its  chromatin  this  protoplasmic  basis  is  possibly 
retracted  into  the  blephai'oplast,  in  view  of  the  close  connection  which 
exists  between  the  two  structures. 

Flagellum,  The  flagellum,  which,  it  must  be  reiterated,  consists  of 
two  distinct  parts  (i)  the  protoplasmic  basis,  and  (ii)  the  chromatin 
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filament,  is  lost  in  the  following  manner.  The  chromatin  filament 
first  gradually  disappears,  but  before  this  change  is  complete  the 
rhizoplast  has  passed  backward  in  the  cjtopharynx,  drawing  the 
flagellum  after  it.  By  this  means  the  free  part  of  the  flagellum  is 
shortened.  It  constitutes  an  acHve  shortening  of  the  flagellum. 
Prowazek  has  previously  described  this  process  in  the  flagellum  of 
H.  muscae  damesticae.  The  chromatin  filament  in  the  flagellum  is  then 
absorbed  centripetally,  so  that  in  some  cells  only  the  chromatin  of  the 
intracellular  part  remains,  and,  as  this  process  takes  place,  the  proto- 
plasmic basis  of  the  flagellum  is  retracted  pari  passu.  The  protoplasmic 
basis  does  not  remain  when  the  chromatin  has  been  absorbed.  This 
constitutes  a  passive  shortening  of  the  flagellum. 

These  observations  on  the  structure  and  changes  in  the  flagellum 
seem  to  show  that  the  chromatin  is  devoted  to  sustaining  the  flagellum 
in  a  filamentous  form,  which  the  protoplasm  surrounding  it  has  no  power 
per  se  of  doing. 

The  function  of  movement  is,  we  think,  subserved  by  the  proto- 
plasmic basis  of  the  flagellum.  It  is  obvious  that  the  protoplasmic 
basis  is  homologous  to  the  undulating  membrane  of  Critiiidia  and 
Trypanosoma,  although  it  has  been  seen  that  when  the  flagellum  is 
drawn  up  into  the  cell  by  the  posterior  movement  of  the  blepharoplast 
it  does  .not  form  an  undulating  membrane  as  such  but  remains  within 
the  endoplasm.  The  undulating  membranes  of  the  Tr}rpanosomatidae 
contain  myonemes,  so  that  it  is  most  probable  that  the  function  of 
movement  is  subserved  by  the  protoplasmic  basis  of  the  flagellum. 
The  staining  reaction  of  the  protoplasmic  basis,  or  of  the  kinetoplasm, 
as  I  propose  it  be  called,  is  the  same  as  the  endoplasm  of  the  cell,  and 
is  obviously  derived  from  it,  so  that  it  is  interesting  to  see  that  the  more 
hyaloplastic  constituents  of  the  cell  are  employed  for  the  function  of 
movement. 

ChromidicL  It  has  been  seen  how  the  size  and  number  of  the 
chromidia  vary  inversely  with  the  amount  of  chromatin  present  in 
the  nucleus  and  other  organella.  There  can  therefore  be  little  doubt 
that  they  represent  the  supply  of  chromatin  for  the  use  of  the  cell. 
Swellengrebel  has  shown  that  they  do  not  consist  of  chromatin  itself, 
but  of  a  slightly  altered  substance  named  '  volutin.'  Tbey  probably 
are  concerned  in  the  following  manner.  When  the  parasites  are  under- 
going involution  the  chromatin  in  the  organella  is  dissolved  by  the 
protoplasm  and  circulates  in  the  cell,  and  is  then  taken  up  by  certain 
plastids,  and  resecreted  as  'volutin,'  in  the  form  of  the  chromidia. 
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The  reverse  process  takes  place  when  the  cell  is  on  the  '  up-grade/  the 
volutin  being  dissolved  and  resecreted  bj  the  protoplasmic  basis  of  the 
nucleus,  blepharoplast,  and  flagellar  apparatus,  respectively. 

The  process  is  familiar  in  certain  plant-cells,  such  as  Spirogyra,  in 
which  the  carbohydrate  metabolism  is  similar. 

The  presence  of  volutin  has  been  shown  by  Nuttall  (1910),  and  by 
Hindle  (1910),  to  be  associated  also  with  degeneration  of  the  cell,  but 
in  this  Herpetomonas  the  most  vigorous  parasites  are  seen  to  contain 
the  most  volutin  granules,  or  chromidia. 


Summary  and  conclusions. 

1.  The  parasite  described  inhabits  the  alimentary  tract  of  two 
species  of  Lucilia,  In  addition  it  has  a  resting  stage — the  'cyst' — 
which  is  passed  in  the  voided  excrement  of  the  insect. 

2.  When  the  cyst  is  ingested  by  a  fly  it  grows  in  length  and 
becomes  flagellated  in  the  '  crop ' ;  in  the  midgut  it  greatly  elongates 
and  multiplies  rapidly  by  division ;  in  the  hindgut  it  first  shortens,  then 
becomes  spherical,  and  finally  oval  and  cyst-like,  meanwhile  losing  its 
flagellum. 

3.  The  cysts  measure  3/i,  the  fully  flagellate  forms  20  fi,  in  length. 

4.  The  cysts  possess  a  cytostome  and  cytopharynx,  the  functions  of 
which  are  probably  nutritive. 

5.  The  flagellum  consists  of  two  parts  (i)  a  cytoplasmic  part,  which 
probably  subserves  the  power  of  movement  and  which  I  therefore  propose 
to  call  the  kinetopldsm^  and  (ii)  a  thread  of  chromatin  secreted  by  the 
rhizoplast. 

6.  The  function  of  the  chromatin  in  the  flagellum  is  probably  to 
sustain  a  filamentous  form. 

7.  The  nucleus  divides  by  a  definite  process  something  akin  to 
mitosis. 

8.  The  chromidia  serve  as  reserve  material  for  the  supply  of 
chromatin  in  the  cell.    They  are  secreted  probably  by  cell-plastids. 

9.  I  propose  the  name  of  this  parasite  be  Herpetomonas  luciliae, 
and  that  the  genus  Herpetomonas  should  be  defined  so  as  to  include  the 
forms  described  as  Leptomonas. 
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EXPLANATION  OF  PLATES  VIII-IX. 
PLATE  VIII. 

Figs.  1-6.    Forms  found  in  the  <  erop.' 

Fig.  1.  Oval  form  without  flagellnm.  The  ehromidia  are  scattered  throughout  the  cell. 
The  blepharoplast  is  at  the  extreme  posterior  end.    It  can  hardly  be  seen  in  the  figure. 

Fig.  2.    Oval  form  without  flagellnm.    Nucleus  slightly  ohromatinised. 

Figs.  3-6.    Oval  forms  with  flagellum. 

Fig.  3.    Shows  the  blepharoplast  dividing,  and  a  single  flagellum. 

Fig.  4.  Shows  the  cell  with  the  rhizoplast  undivided  and  the  flagellum  with  two  chromatin 
filaments,  between  which  is  stretched  the  kinetoplasmic  membrane. 

Fig.  5.    Shows  the  rhizoplast  divided,  as  well  as  the  '  double '  flagellnm. 

Fig.  6.    A  densely  staining  form  in  which  the  nucleus  cannot  be  seen. 

Figs.  7-22.  Forms  found  in  the  hindgut  and  rectum.  In  all  the  cytopharynx  is  well- 
marked,  but  the  nuclei  are  badly  marked  in  the  figures. 

Fig.  7.    Large  oval  form  with  small  ehromidia. 

Fig.  8.    Shows  the  ehromidia  in  a  group  at  the  posterior  end  of  the  cell. 

Fig.  9.     Shows  the  nucleus,  blepharoplast  and  flagellum  all  more  or  less  dechromatinised. 

^s.  10-14.    Bound  forms. 

Fig.  10.  Shows  commencement  of  the  formation  of  the  cytopharynx,  the  blepharoplast 
lateral  to  the  nucleus. 

Fig.  11.  Shows  well  the  blepharoplast  at  the  posterior  end  of  the  cytopharynx.  The 
nucleus  shows  one  of  the  stages  of  mitosis. 

Fig.  12.    Partial  retraction  of  the  cytopharynx  has  occurred. 

Fig.  18.  The  ehromidia  are  grouped  at  the  posterior  end  of  the  cell.  The  rhizoplast  is 
still  chromatinised. 

Fig.  14.    Shows  the  differentiation  of  the  protoplasm  into  periplast  and  cytopharynx. 

Figs.  15-22.  Oval  forms  with  a  flagellum.  They  all  show  the  further  differeutiation  of 
the  protoplasm,  and  the  oonseqaent  formation  of  the  truncate  end  of  the  cell.  The 
flagellnm  is  short  in  all  cases  and  is  nearly  dechromatinised ;  it  cannot  be  seen  when 
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it  becomes  intraeellnlar.    The  blepharoplast  is  always  at  the  bottom  of  the  cjUy- 
pharynx  and  stains  less  deeply  than  the  ohromidia. 
Figs.  23-25.    Cysts  foand  in  the  rectnm  or  *orop.'    The  cytostome  and  micropyle  are  well 
seen ;  also  the  charaoteristio  position  of  the  nacleas,  blepharoplast,  and  ohromidia. 


PLATE  IX. 

Figs.  1-14.    Various  forms  of  the  flagellate  found  in  the  midgut 

Fig.  1.    Small  oeU  in  a  resting  condition. 

Fig.  2.    Cell  showing  two  free  flagella,  the  rhizoplast  slightly  divided. 

Fig.  3.    Cell  in  which  the  blepharoplast  is  dividing,  showing  the  achromatic  matrix. 

Fig.  4.    Cell  showing  formation  of  a  second  chromatin  filament,  with  a  protoplasmic 

membrane  (kinetoplasm)  between  the  two  filaments.    Nucleus  showing  mitotic  figure. 
Fig.  6.    Cell  showing  division  of  the  blepharoplast  and  rhizoplast;  also  the  formation  of  a 

second  chromatin  filament. 
Fig.  6.    Shows  division  in  nucleus,  blepharoplast  and  rhizoplast.    Flagellnm  with  one 

chromatin  filament  in  a  thick  sheath  of  kinetoplasm. 
Fig.  7.    Cell  in  which  the  nucleus  shows  mitosfs;   the  rhizoplast  is  divided  and  the 

flagellum  contains  two  chromatin  filaments. 
Fig.  8.    The  blepharoplast  is  dividing  and  the  flagellum  contains  two  chromatin  fila- 
ments. 
Fig.  9.    Cell  showing  complete  division  except  between  the  two  chromatin  filaments. 
Fig.  10.     Shows  clearly  the  kinetoplasmic  membrane. 

Fig.  11.    Flagellum  twisted  on  itself.    Rhizoplast  and  blepharoplast  dividing. 
Fig.  12.    Cell  showing  complete  division  of  all  the  organella,  but  not  of  the  cell  protoplasm. 
Fig.  13.    Complete  division  of  all  parts  except  the  flagellum  which  is  only  split  partially, 

both  proximally  and  distally,  new  chromatin  filaments  being  laid  down  by  the  side  of 

the  old. 
Fig.  14.    Cell  showing  a  further  stage  of  division.     The  two  cells  have  completely  divided 

and  the  formation  of  the  new  chromatin  filaments  is  continued.     The  respective 

rhizoplasts  of  the  two  daughter  cells  have  divided. 
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The  development  of  Trypanosoma  leioisi  in  the  Rat  Flea 
(Ceratophyllus  fasciatus).  By  C.  Strickland,  B.A.,  and  Dr  N.  H. 
SwELLENGREBEL.     (Communicated  by  Prof.  Nuttall.) 

[Read  6  June  1910.] 

Little  is  known  about  the  development  of  trypanosomes 
outside  the  vertebrate  host,  and  what  is  known  is  liable  to 
Patton's  criticism,  that  asserts  that  most  of  the  Grithidia  forms 
found  in  different  invertebrates  and  considered  to  be  develop- 
mental forms  of  various  trypanosomes  are  indeed  independent 
forms  and  have  no  connection  with  trypanosomes. 

This  question  being  of  the  highest  importance  not  only 
theoretically  but  also  from  a  practical  point  of  view  in  con- 
nection with  sleeping  sickness,  we  endeavoured  to  trace  out  the 
life-cycle  of  T,  lewisi  (provided  there  were  any)  in  the  rat  flea 
(Ceratophyllus  fasciatus).  We  chose  the  rat  flea  and  not  the 
louse  {Haematopinus  spinulosus)  because  it  is  clear  from  the 
papers  of  Nuttall,  Manteufel,  Minchin  and  one  of  us  (C.  S.)  that 
the  louse  transmits  the  trypanosomes  only  mechanically,  whereas 
the  flea  becomes  infective  after  7 — 14  days  and  remains  so  for 
a  long  time,  which  fact  suggests  that  a  true  development  takes 
place. 

We  infected  83  fleas  out  of  an  uninfected  lot  (bred  in  the 
laboratory),  allowing  them  to  feed  during  a  period  of  12  hours 
upon  an  infected  rat  (10th  day  of  infection).  The  fleas  were 
then  removed  from  the  rat  and  were  fed  at  intervals  of  three  days 
by  biting  non-infected  rats  through  a  gauze  bag.  A  control  series 
of  experiments  was  made  by  feeding  60  fleas  (out  of  the  same  box 
as  the  infected  series)  on  a  non-infected  rat  and  by  treating  them 
afterwards  in  the  same  way.  Each  day,  for  16  days  after  the  first 
feeding,  four  to  six  of  the  infected  and  control  fleas  were  dissected 
and  observations  were  made  in  vivo  and  in  stained  preparations. 

The  control  fleas  were  not  always  free  from  flagellated  forms. 
Nothing  was  ever  geen  in  the  living  preparations;  but  by  making 
stained  preparations  of  the  different  parts  of  the  gut,  we  were  able 
to  detect  flagellates  in  SS  7o  of  the  fleas.  This  fact  was  probably 
due  to  an  accidental  infection,  an  infected  rat  having  broken  into 
the  flea  box.  But  even  if  we  consider  the  flagellates  of  the  control 
fleas  to  be  natural  forms,  we  may  safely  conclude  that  most  of  the 
flagellates  found  in  the  fleas  fed  on  infected  rats  are  developmental 
stages  of  T.  leioisi,  because  the  rate  of  infection  was  44  "/^ . 
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Twelve  houra  after  feeding  on  the  infected  rat,  T,  leurisi  may 
be  found  unaltered  in  the  midgut,  after  24  hours  the  blepbaroplast 
leaves  its  terminal  position  and  approaches  the  nucleus.  The 
hind-end  of  the  flagellate  becomes  larger  so  that  the  trypanosome 
appears  club-shaped.  The  nucleus  now  wanders  to  the  hind-end 
of  the  6agellate,  and  consequently  the  distance  between  the 
blepbaroplast  and  nucleus  diminishes  gradually,  and  at  a  later 
stage  the  two  pass  each  other  so  that  the  blepbaroplast  is  situated 
in  front  of  the  nucleus,  the  trypanosome  having  now  a  Crithidia 
facies.  This  change  is  accomplished  in  the  midgut  in  IJ  days. 
The  club-shape  is  now  very  well  marked  and  the  front-end  of  the 
flagellate  becomes  thinner  and  thinner,  the  flagellum  often  staining 
with  difficulty.  At  last  the  flagellar  end  of  the  parasite  atrophies, 
and  the  trypanosome  is  now  metamorphosed  into  an  oval-shaped 
cell,  with  a  short  flagellum,  the  blepbaroplast  being  situated  at 
the  side  or  in  front  of  the  nucleus.  These  "  large  oval  forms,"  as 
we  may  call  them,  pass  into  the  anterior  part  of  the  hindgut, 
and  are  to  be  found  there  after  3^  days  in  rosettes.  During  the 
following  days  the  large  oval  forms  become  rounded,  giving  rise  to 
the  so-called  "  round  forms,*'  which  begin  to  divide  actively  after 
5 — 6  days.  This  development  is  first  to  be  observed  in  the  fleas 
rectum  but  afterwards  also  in  the  hindgut.  We  never  observed 
any  indication  of  multiple  division^  but  the  parasites  arising  from 
the  repeated  binary  division  of  the  round  forms  hold  together  with 
the  front  ends,  so  that  rosettes  are  formed.  These  rosettes  are 
composed  of  "  little  oval  forms  "  with  short  flagella,  the  blepbaro- 
plast being  situated  just  in  front  of  the  nucleus.  Gradually  these 
become  more  elongated,  the  flagellum  grows  out  further,  and 
the  blepbaroplast  passing  the  nucleus  comes  to  lie  in  the  posterior 
end  of  the  cell  Since  the  flagellum  follows  the  blepbaroplast,  the 
result  is  the  formation  of  an  undulating  membrana  The  parasite 
has  now  recovered  the  aspect  of  a  small  trypanosome  with  a 
particularly  large  blepbaroplast,  situated  at  the  extreme  posterior 
end.  These  forms  begin  to  appear  after  7  days  but  are  abundant 
after  8 — 10  days  and  remain  so  for  an  indefinite  time,  probably 
till  the  host's  death. 

All  these  different  types  of  parasites — little  ovals,  intermediate 
Crithidiae  and  small  trypanosomes — may  divide,  so  that  prepara- 
tions made  during  the  last  stage  of  infection  exhibit  a  great 
variety  of  forms.  The  small  trypanosomes  and  the  Crithidiae 
from  which  they  originate  occur  in  two  well-marked  types:  a 
slender  one  and  a  stout,  but  united  by  intermediate  forms.  We 
do  not  know  if  this  is  to  be  considered  as  a  sexual  differentiation, 
but  we  have  never  seen  any  sign  of  conjugation. 

Not  being  able  to  find  any  further  stage  of  development 
beyond  that  of  "  small  trypanosomes,"  either  in  our  series  or  in 
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the  fleas  tciken  haphazard  from  infected  rats,  we  think  it  possible 
thsLt  these  forms  represent  the  final  stages  of  development  If  so, 
iHre  are  unable  to  say  in  which  way  these  small  trypanosomes 
return  to  the  rats'  blood.  We  have  not  been  able  to  find  any 
flagellated  form  either  in  the  coelom  or  salivary  glands  of  infected 
fleas. 

At  present  the  broad  fact  remains  established  by  a  proper 
system  of  controls  that  T.  leunei  undergoes  a  morphological  cycle 
of  development  in  the  gut  of  its  invertebrate  host. 
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NOTES  ON   TRYPANOSOMA   LEWISI  AND  ITS 
RELATION  TO  CERTAIN  ARTHROPODA. 

By  0.   STRICKLAND,  M.A. 
AND  N.   H.   SWELLENGREBEL,   Ph.D. 

{From  the  Quick  Laboratory,  Cambridge.) 

(One  Text-figure.) 

The  following  notes  on  the  biology  of  Trypanosoma  lewisi  are  the 
result  of  experiments  extending  over  the  last  two  years.  They  are 
arranged  under  the  following  heads : 
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I.    The  preyalenoe  of  T.  Uwiti  in  rats  under  natural  eonditions 
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m.    Experiments  demonstrating  the  part  played  by  Arthropods 
in  the  transmission  of  T.  lewiti  from  rat  to  rat. 
(i)    Experiments  with  fleas 
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(c)    on  the  mechanism  of  infection  .        •        .        448 

{d)    on  the  relation  between  the  developmental  cycle 
of   T.   letoUi  in  the  flea  and   infection    by 

the  flea 446 
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L    The  prevalence  of  T.  lewisi  in  rats  under 

NATURAL  CONDITIONS. 

(a)  Endemic  foci.  Many  observers  have  reported  upon  the  natural 
prevalence  of  T,  lewisi  in  rats.  The  statistics  relating  to  this  prevalence 
of  the  parasite  cannot  always  be  compared,  because  of  their  being  based  on 
observations  made  in  different  ways.  Thus  Lingard  (1895)  reported  on 
all  the  rats  he  examined  irrespective  of  their  age,  while  Petrie  and 
Avari  (1909)  only  noted  the  presence  of  the  parasite  in  young  rats. 

Working  in  Bombay  Vandyke  Carter  (1887)  found  12  Vo  of  the  rats 
inftcted,  Lingard  (1895)  about  35%,  Petrie  and  Avari  (1909)  about 
45%;  in  the  Philippine  Islands  Musgrave  and  Clegg  (1903)  found  tbat 
about  65  %  of  the  rats  at  Manila  harboured  the  parasite  at  certain 
times  of  the  year;  in  the  United  States  Swingle  (1907)  at  Nebraska 
found  four  out  of  seven  infected,  while  Yakimoff  (1907)  in  St  Peters- 
burg found  a  higher  proportion  infected  in  the  summer  months  than  in 
the  winter  but  he  gives  no  figures. 

Prof.  Nuttall  kindly  allows  us  to  report  upon  the  results  of  the 
similar  observations  which  he  conducted  with  oue  of  us  (C.  S.)  during 
1909  in  Cambridge,  where  25  %  of  rats  (if.  decwmanus)  of  all  ages  were 
found  to  be  infected. 

Having  regard  to  the  manner  in  which  all  of  these  percentages  of 
infection  were  obtained  it  would  appear  that  the  prevalence  of  T,  lewisi 
varies  considerably  in  different  parts  of  the  world.  The  figures  given 
by  Vandyke  Carter,  Lingard,  and  Petrie  and  Avari  for  Bombay  indicate 
moreover  that  the  prevalence  of  the  parasite  may  vary  in  a  given 
locality  from  time  to  time. 

(6)  Variation  of  incidence  in  endemic  foci  {localised  endemicity ) 
Carter,  Musgrave  and  Clegg,  and  Swingle  have  observed  a  marked 
localised  endemicity  of  the  infection,  and  our  observations  conducted  in 
Cambridge  also  reveal  the  local  character  of  rat  trypanosomiasis. 

Thus,  20  young  rats  from  Comberton,  Cambs,  shewed  no  trypano- 
somes,  while  a  large  percentage  from  Cherryhinton  Brook,  Cambs, 
were  found  to  be  infected.  We  at  an  early  date  learnt  to  know  the 
particular  localities  from  which  we  could  rely  for  a  supply  of  T.  lewisi 
infected  rats  in  and  about  Cambridge. 

Of  the  Cambridge  rats  which  were  infected  12  %  were  young, 
33  Vo  adults,  and  29  %  old  animals. 

29—2 


Digitized  by 


Google 


438  Trypanosoma  lewisi 


II.    The  relation  of  Ectoparasites  to  the  prevalence 

OP    T.  LRWISI  IN    rats   under   NATURAL  CONDITIONS. 

Owing  to  the  fairly  constant  association  in  nature  of  T,  lewisi  and 
fleas,  it  has  been  assumed  that  fleas  are  concerned  to  a  considerable 
extent  in  the  transmission  of  the  trypauosome  from  rat  to  rat.  The 
association  of  T.  levnsi  with  flea  prevaleuce  in  rats  has  been  demonstrated 
very  clearly  by  Swingle  (1907)  and  Nuttall  (1908)  and  more  recently 
by  Petrie  and  Avari  (1909)  who  report  upon  the  examination  of  a  very 
large  material  which  was  rendered  accessible  to  them  through  the 
investigations  of  the  Indian  Plague  Commission.  Petrie  and  Avari 
found  however  that  the  prevalence  of  T.  lewisi  was  inversely  propor- 
tional to  the  flea  prevalence,  although  so  generally  associated  with  it 

The  prevalence  of  fleas  on  trypanosome-infected  rats  from  Cherry- 
hinton  Brook,  Cambs,  was  very  noticeable.  On  the  other  hand  we 
failed  to  find  a  single  flea  on  rats  from  Coraberton,  Cambs»  or  on 
20  rats  imported  from  Berlin,  none  of  which  harboured  trypanosomes. 

The  species  of  fleas  which  we  have  found  associated  with  M,  decu- 
manus  infected  with  T.  leunsisre  Ceratophyllua  fasciatuSy  Ctenopkthalmus 
agyrtes,  and  Pviex  irritans  (one  on  one  occasion  in  company  with 
C,  agyrtes).  We  have  also  captured  on  dogs  Ctenocephalus  cants 
harbouring  parasites  indistinguishable  from  T.  lewisi.  This  species  of 
flea  is  one  which  is  also  occasionally  captured  on  the  rat  (Tiraboschi). 

Some  observers  believe  T.  lewisi  is  conveyed  from  rat  to  rat  under 
natural  conditions  by  the  rat-louse  {Haemaiopinus  spinulosus  Burm.), 
but  no  direct  association  has  been  recorded. 

Of  the  other  blood-sucking  ectoparasites  which  have  been  found  on 
rats,  none  are  likely  to  be  more  than  occasional  transmitters  of  trypanoso- 
miasis because  they  occur  rarely  on  rats  as  compared  with  fleas  and  lice. 
The  ectoparasites  of  rats  are  comprised  in  the  following  lists: 

Fleas  found  on  Mus  decumanus,  M.  rattus  and  M.  muscvlus. 

(Given  by  Rothschild  1910,  p.  89.) 

Dermatopkiltts  penetrans^  Linnaeus. 

„  caeocUa,  Enderlein. 

EckidnopheLga  gaUinaceus^  Westwood. 

„  myrmecohiii  Rothschild. 

„  murina,  Tiraboschi. 

„  liopw,  Rothschild. 
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Pulex  vrritant^  Linnaeus. 
Xenopgylla  cheopu^  RothHchild. 

„  brcuilieiiigUy  Baker. 
ffoplopsyllus  anomalusy  Baker. 
Ctenocephalus  canis,  Dug^s. 

„  felisy  Bouch^. 

Ceratophylltu  fascicUiu,  Bosc. 

„  londtntenns,  Rothsohild  (^itcUicuSy  Tiraboschi). 

,,  anims,  Rothschild. 

„  pentdUigery  Grube. 

„  niger,  Foz. 

Pifffioptylla  kUliy  Rothschild         1   perhaps  not  found  on   M,  rattus  but  on 

„  rainboiffiy  Rothschild/  M.  assimilis  only. 

Chicutopsylla  rossiy  Waterst. 
Neopt^lla  hidenicUiformUy  Wagner. 
CtenophthcUmtu  agyrtes^  Heller. 

y,  asnmUiSy  Taschenberg. 

CtenopsyUa  mtucuH^  Eolenati. 
Hy$trichop9yUa  tripecttnata^  Tiraboschi 

LiCB  AND  ACARlNSa  OCCUKRING  ON  M.  DBOUMANUS  AND  M.  RATTUS. 

(Given  by  Tiraboschi  1903—4,  p.  161,  and  by  Shipley  1909,  p.  68.) 

«  Lice. 

Hoplojdeura  acanthopuBy  Drury. 
HobenuUopinuB  tpintUosiUy  Burmeister. 
Fedwultu  eapitisy  Nitzsch. 
ffaematopinut  precisus^  Neumann. 

Ticks. 

Ixodes  ricintUy  Linnaeus  (larvae  reported  by  Nuttall  in  England :  noted  by 
Neumann). 

Hyalomma  asgyptiumy  Linnaeus  (larvae  from  India  reported  by  Nuttall). 
EAipieephaltu  ianguineusy  Latreille  (adults  identified  by  Nuttall ;  see  Shipley). 

Demodiddae. 

Demodex  mu$c%diy  Oudemans  (other  varieties  have  been  found  on  rats  (Hahn), 
and  we  find  one  species  very  common  in  Cambridge). 

Gamasidae. 

Ladaps  ctgiliSy  Koch. 

„        echidninut,  Berlese. 

„        stahdarisy  Koch. 
MyonywuM  decumanCy  Tiraboschi 
Notoedret  alepisy  Railliet-Lucat. 
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III.    Experiments  demonstrating  the  part  played  by  Arthro- 
pods IN  THE  transmission  OF   T.  LEWISI  FROM   RAT  TO  RAT. 

We  have  experimented  with  fleas  (Ceratophyllus  fasdatus  and 
CteTwphthalmus  agyrtes),  lice  (Haematopinua  apinulasus),  bugs  {Acanthia 
lectularia\  ticks  (Omithodoros  moubata,  nymphs  and  adults),  and  a 
Gamasid  mite  (Oamasus  sp).  Only  in  the  case  of  fleas  did  any  trans- 
mission of  T,  levrisi  take  place  by  the  act  of  transferring  the  arthropods 
from  an  infected  to  a  non-infected  rat.  The  result  of  these  experiments 
are  recorded  in  the  present  paper. 

(i)    ExpmrimenU  wiik  fleas, 

(a)  By  previova  authors,  Rabinowitsch  and  Kempner  (1899)  and 
Nuttall  (1908)  were  the  first  to  regard  fleas  as  transmitting  agents  of 
T,  lemisi  and  to  demonstrate  that  they  convey  the  infection,  and  their 
experiments  have  been  confirmed  by  Minchin  and  Thomson  (1910). 

Minchin  and  Thomson  have  recently  proved  that  flefi^s  if  fed 
on  an  infected  rat  do  not  infect  susceptible  animals  until  about  a 
fortnight  afterwards.  This  is  conveniently  described  as  'distant  trans- 
mission' or  *late  infectivity  of  the  fleas.'  The  fleas  then  continue  able 
to  infect  for  a  long  time,  possibly  till  the  end  of  their  life.  From  this 
it  is  obvious  that  fleas  caught  haphazard  in  nature  may  have  already 
passed  the  latent  non-infective  period  and  may  exhibit  the  power  of 
distant  continuous  transmission. 

(6)  Our  experiments.  In  all  of  our  experiments  the  arthropods 
were  allowed  to  feed  on  an  animal  infected  with  T.  lewisi,  after  which 
they  were  transferred  to  a  clean  animal,  a  variable  interval  of  time 
being  allowed  to  elapse  before  they  were  transferred  from  the  infected 
to  the  clean  animal 

We  performed  138  experiments  with  fleas  and  22  of  these  (about 
16  7o)  gave  a  positive  result. 

On  adding  up  the  numbers  of  the  fleas  which  were  used  in  the 
attempts  to  transmit  infection,  we  find  that  324  were  used  when 
positive  results  were  obtained,  while  1270  were  used  with  negative 
results.  That  is,  about  80  7o  were  non-infective.  Of  the  remaining  20  % 
concerned  with  the  positive  results  it  is  safe  to  assume  that  some  at 
least  were  also  non-infective. 
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We  had  positive  results  in  20  experiments  and  as  one  flea  at  least 
in  each  experiment  must  have  been  infective,  at  least  20  must  have 
been  infective,  i.6.  about  2^0  of  the  total  number  used. 

Therefore  at  least  2^0  anJ  no*  more  than  20  Vo  of  our  fleas  were 
infective. 

We  would  like  here  to  add  the  results  of  flea  infection  experiments 
which  one  of  us  (C.  S.)  obtained  before  the  publication  of  Minchin  and 
Thomson  had  appeared,  since  they  concerned  cases  of  what  may  be 
regarded  as  'distant  transmission'  observed  in  January,  1909. 

Expenment  1.  About  20  floas  of  two  8i)ecie8  (C.  faaciattu  and  G.  agjfrteB)  from 
an  infected  wild  rat  were  placed  upon  a  tame  white  Rat  XV.  Four  days  later 
Rat  XV  died  and  about  six  fleas  from  it  were  then  placed  on  a  'clean'  Rat  XI.  Two 
days  later  this  rat  died,  and  the  fleas  from  it  were  placed  on  Rat  XVII  which 
became  infected  in  six  to  ten  days.  The  fleas  were  therefore  infective  six  days 
after  taking  them  from  the  infected  rat. 

Experiment  2.  17  fleas  from  an  infected  wild  rat  were  put  on  a  'clean'  rat  for 
12  dftys  when  nine  were  recovered  and  put  on  a  second  'clean'  rat.  This  became 
infected  in  eight  days.  These  fleas  were  therefore  infective  12  days  after  coming 
from  the  infected  rat.    The  first  *  clean '  rat  did  not  become  infected. 

The  result  of  the  following  experiment  can  be  interpreted  in  the 
way  indicated  in  the  second  paragraph  of  this  section  (distant  continuous 
transmission). 

Experiment  3.  16  fleas  taken  from  an  infected  rat  were  placed  immediately  on 
a  'clean*  white  Rat  XX.  In  three  days  four  were  recovered  and  put  on  Rat  a ; 
similarly  after  two  and  one  days  the  fleas  were  placed  in  succession  on  Rats  b  and  c. 
All  four  rats  became  infected. 

The  following  experiments  also  prove  distant  transmission. 

Experiment  4.  Rat  5  was  placed  in  a  box  containing  fleas  which  14  days 
previously  had  fed  on  an  infected  rat     Rat  5  became  infected. 

Experiment  5.  Rat  d  was  used  to  feed  fleas  upon  1 2  days  after  they  had  fed  on 
an  infected  rat.    Rat  d  became  infected. 

Experiment  6.  Fleas  from  an  infected  rat  were  placed  on  a  '  clean '  Rat  e  seven 
days  after  they  had  fed  upon  the  infected  rat.     Rat  e  became  infected. 

Experiment  7.  Fleas  from  an  infected  rat  A  were  placed  on  a  'clean'  rat  B 
17  days  after  they  had  fed  on  the  infected  animal  A.     Rat  B  became  infected. 

Experim^ent  8.  A  rat  Dttt  was  placed  in  a  flea  box  from  which  an  infected  rat 
had  been  taken  thi-ee  weeks  previously.    Rat  Dttt  became  infected  in  seven  days. 

Experiment  9.  Fleas  were  fed  on  an  infected  animal  for  an  hour  and  were  then 
fed  daily  on  a  series  of  'clean'  animals  from  the  4th — 33rd  day,  but  none  of 
them  became  infected.  On  the  34th  day  the  fleas  were  put  on  Rat  C  which  became 
infected. 
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It  seems  therefore  characteristic  of  the  flea  transmission  of  T.  levnsi 
that  it  occurs  after  the  lapse  of  a  period  during  which  the  fleas  are 
incapable  of  communicating  the  parasite.  This  result  is  in  accord  with 
that  obtained  by  Minchin  and  Thomson. 

We  are  however  inclined  to  think  that  infection  occasionally  follows 
the  immediate  transference  of  the  fleas  to  a  *  clean '  animal,  in  other 
words  that  the  so-called  mechanical  transmission  occurs  and  that  it 
may  be  followed  by  the  latent  or  non-infective  period  which  precedes 
the  infective  period  when  distant  transmission  takes  place.  In  support 
of  this  view  we  would  cite  the  following  experiment. 

ExperimevU  10.  Flens  were  used  which  had  been  raised  in  the  laboratory,  in 
the  maoner  advised  by  the  Indian  Plague  Commission,  in  large  glass  boxes  in 
which  a  flea-infested  rat  had  been  placed.  Under  such  conditions  the  fleas  readily 
multiply  in  the  filth  which  soon  collects  in  the  box.  U  of  such  fleas  were  fed  for 
one  hour  on  a  rat  whose  blood  had  shewed  T.  lewiti  for  12  weeks.  After  24  and 
72  houFB  the  fleas  were  again  fed  on  a  *  clean '  Rat  D.  Rat  D  became  infected  in 
seven  days.  After  this  the  fleas  were  fed  at  intervals  on  a  series  of '  clean '  animals, 
but  they  did  not  infect  the  raU^  again  until  the  34th  day. 

In  all  experiments  where  we  exclu«led  the  possibility  of '  mechanical 
transmission'  five  out  of  nine  rats  became  infected,  but  where  the 
possibility  was  not  excluded  five  out  of  six  experiments  had  a  positive 
result.  The  difference  in  the  results  observed  may  have  been  due  to 
mechanical  transmission  having  been  the  means  of  infecting  in  some  of 
the  experiments.  The  average  number  of  fleas  for  each  experiment 
was  the  same  in  the  two  eeriea. 

If  mechanical  transmission  of  T.  leivisi  by  fleas  takes  place  we 
thought  that  T.  hrucei  should  also  be  transmitted  mechanically,  but 
the  results  of  six  experiments  were  negative.  We  allowed  fleas  to  feed 
on  a  rat  heavily  infected  with  T.  bmcei  and  then  transfeiTed  them  to 
clean  rats,  but  in  no  case  did  these  rats  become  infected. 

We  obtained  no  evidence  of  hereditary  transmission  of  trypanosomes 
in  fleas  although  we  experimented  with  a  large  number  (about  60) 
raised  from  the  larva  removed  from  a  flea-bree<iing  box  in  which  an 
infected  rat  had  been  kept  for  many  weeks.  The  flea  imagines  produced 
no  infection  when  placed  on  *  clean  '  rats. 

Certain  conditions  may  influence  the  transmission  of  T.  lewisi  by 
fleas.  For  instance  Petrie  and  Avari  say  that  the  hot  season  is  the  more 
favourable  to  transmission  because  they  found  fewer  fleas  on  the  rats 
and  more  cases  of  infection.  We  think  that  a  favouring  factor  is 
connected  with  the  '  wildness '  of  the  flea,  for  we  found  that  with  fleas 
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taken  from  infected  wild  rats  transmission  was  obtained  much  more 
readily  than  with  those  bred  and  fed  in  the  laboratory.  Sir  David 
Bruce  aud  his  collaborators  (1910)  have  noted  a  similar  phenomenon 
in  the  transmission  of  T,  gambiense  by  Olossinae, 

Fleas  seem  to  be  able  to  transmit  infection  whether  they  have  fed 
on  a  rat  recently  infected  or  on  one  which  has  been  long  infected.  We 
have  obtained  trausmission  of  T.  leurisi  from  a  rat  which  had  only  been 
infected  one  to  four  days,  and  from  a  rat  on  the  other  hand  which  had 
been  infected  for  three  and  a  half  months. 

(c)  The  mechanism  of  infection.  It  has  been  assumed  that  fleas 
infect  rats  with  T,  lewisi  during  the  act  of  blood  sucking,  the  parasites 
being  introduced  into  the  host  through  the  fleas'  mouth  parts.  In  view 
of  this  assumptioD  it  seemed  somewhat  strange  that  we  should  only 
find  parasites  in  the  fleas'  hindguts :  as  has  been  described  in  a  previous 
paper  by  us.  If  we  assume  that  after  all  the  *  small  trypanosomes '  are  the 
infective  agents  we  could  hardly  expect  them  to  be  carried  forward  from 
the  hindgut  through  the  pyloiic  valve  and  the  proventriculus  to  the 
mouth  parts,  for  both  valves  are  designed  to  prevent  regurgitation  {see 
Jordan  and  Rothschild,  1908).  Moreover  we  have  never  found  small 
trypanosomes  in  the  midgut  of  fleas  whose  hindgut  has  been  swarmiug 
with  this  form  of  the  parasite.  As  we  have  seen  we  have  succeeded 
repeatedly  in  infecting  rats  upon  which  infective  fleas  were  placed  and 
allowed  to  feed  naturally,  that  is  by  being  allowed  to  crawl  about 
and  remain  upon  the  host.  With  the  object  of  learning  more  about 
the  mechanism  of  infection  attempts  were  repeatedly  made  by  us  to 
infect  rats  by  allowing  infective  fleas  to  bite  them  through  fine  gauze, 
but  the  results  were  always  negative :  thus 

Experiments  11-— 16.  A  large  number  of  infected  fleas  (20—30)  in  six  separate 
experiments  were  first  starved  for  several  days  and  were  then  fed  respectively  on  six 
clean  rats  through  fine  gauge.  Most  of  them  were  observed  to  feed  and  could  be 
seen  distended  with  blood  afterwards,  but  none  of  the  *  clean '  rats  became  infected  ; 
but  when  the  same  fleas  were  afterwards  placed  upon  another  lot  of  six  clean  rats 
and  allowed  to  feed  naturally,  the  latter  all  became  infected. 

Experiment  17.  Eighteen  fleas  which  had  fed  on  an  infected  rat  E  for  one 
hour  were  fed  through  fine  gauze  on  a  series  of  clean  rats  for  about  a  month  without 
any  result,  but  when  the  only  two  which  survived  this  time  were  put  on  and  left  on 
a  clean  rat  and  allowed  to  feed  naturally,  this  latter  became  infected. 

Experiment  18.  A  batch  of  about  200  fleas  were  first  starved  for  a  few  days  and 
wei«  then  fed  on  eight  clean  rats  through  fine  gauze.  After  this  they  were  let  loose 
on  six  other  clean  rats.  Whereas  none  of  the  rats  on  which  the  fleas  fed  through 
gauze  became  infected,  the  rats  on  which  they  were  let  loose  all  became  infected. 
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We  are  therefore  doubtful  about  the  act  of  biting  conveying  '  late ' 
infection. 

As  it  seemed  to  us  that  late  infection  was  not  conveyed  by  the 
bite  of  the  flea,  we  thought  that  it  might  ensue  from  the  act  of  the  rat 
biting  and  swallowing  the  flea.  We  therefore  performed  the  following 
experiment 

Experiment  19.  A  *  clean*  rat  D  xii  was  fed  with  bread  in  which  was  incor- 
porated about  12  fleas  which  were  thought  to  be  infective,  as  96%  of  their  fellows 
from  the  same  flea-box  exhibited  small  trypanosomes  in  their  hindguts.  However 
no  infection  resulted. 

It  is  certainly  possible  that  the  mechanism  of  late  infection  is  a 
contaminative  one,  due  to  the  voiding  of  the  infective  agents  on  to  the 
skin  of  the  rat.  It  has  been  stated  that  during  the  act  of  feeding 
certain  fleas  squirt  excrement  from  their  recta,  but  we  can  say  that 
this  is  not  so  in  the  case  of  C,  fascicdus  or  C  agyries  for  we  have 
observed  many  hundreds  in  the  act  of  feeding  and  it  has  never  then 
occurred.  Moreover  we  have  never  observed  that  the  coat  of  a  rat 
infested  with  fleas  becomes  soiled  with  their  excrement,  although  we 
would  note  here  that  Brumpt  has  found  the  coats  of  heavily  infested 
mice  to  be  badly  soiled  by  flea  excrement.  Again,  it  is  very  difficult 
to  find  any  trypanosome  forms  in  the  voided  excreta  of  fleas  which  are 
even  heavily  infected  with  the  small  trypanosomes  in  the  hindgut  and 
rectum.  If  infection  were  due  to  contamination,  one  would  expect 
rather  a  large  number  of  the  parasites  to  be  excreted,  especially  if 
there  were  many  in  the  rectum.  On  the  other  hand  the  fact  of  the 
presence  of  the  parasites  in  the  hindguts  and  recta  of  fleas  seems  in 
itself  to  lend  colour  to  the  idea  of  the  infection  of  the  rat  being  due  to 
contamination.  We  would  also  mention  here  that  Manteufel  (1909) 
had  no  difficulty  in  infecting  rats  by  placing  blood  infected  with 
T,  lewisi  on  their  skins,  while  Hindle  (1910)*  has  lately  obtained 
infection  of  rats  in  a  similar  way  by  T,  gambiense.  We  cannot  say 
what  the  mechanism  of  infection  really  is,  but  our  experiments  would 
appear  to  indicate  that  the  bite  of  the  flea  inoculating  the  parasite 
into  the  rat  is  not  the  usual  mode  of  transference. 

On  the  other  hand  the  following  experiment  seems  to  indicate  that 
'  mechanical '  transmission  is  effected  by  the  bite. 

ExperimejU  18.  Ten  fleas  from  an  infected  rat  were  fed  within  24  hours  on 
a  clean  rat  through  gauzCy  with  resultant  infection.    After  this  the  fleas  were 
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similarly  fed  on  a  series  of  animals  with  negative  results  for  about  four  weeks. 
They  were  then  put  on  another  rat  and  left  on  it  and  this  became  infected. 

This  mechanical  transmission  by  the  bite  is  probably  due  to  the 
inoculation  of  the  blood  forms  from  the  mouth  parts  of  the  flea,  but 
there  must  be  even  here  a  close  adaptation  of  the  parasites  to  their 
environment,  for  this  mechanism  is  ineffective  to  transmit  T.  brucei 
under  similar  conditions. 

Our  experiments  seem  to  indicate  that  the  mechanism  of  infection 
is  not  the  bite  of  the  flea  for  'late'  transmission,  but  that  it  is  so  for 
'  mechanical '  transmission. 

(d)  The  relaUtm  between  the  devdopmentcd  cycle  of  T.  lewisi  in  the 
flea  and  infection  by  the  flea^  It  stands  to  reason  that  the  bodies  of 
potentially  infective  fleas  must  contain  T.  lewisi  in  some  form  or  other, 
and  consequently  that  the  flagellates  should  be  found  in  the  insects 
upon  microscopic  examination.  It  should  also  be  possible  to  find  some 
forms  of  the  trypanosomes  in  fleas  during  the  latent  period  prior  to 
their  becoming  infective  in  cases  where  distant  transmission  takes 
place.  We  have  examined  a  large  number  of  fleas  with  the  object  of 
discovering  potentially  infective  parasites  which  they  might  contain, 
with  the  following  results : 

I.  Having  removed  75  fleas  ((7.  fasciatus)  from  breeding-box  *  A ' 
in  which  an  infected  rat  had  been  kept  for  some  weeks,  they  were  fed  on 
a  series  of  *  clean '  rats  during  a  period  of  14  days.  None  of  the  clean  rats 
became  infected  through  the  agency  of  the  fleas.  All  of  these  fleas 
were  dissected  and  examined  during  a  period  lasting  for  14  days  after  they 
had  been  removed  from  the  vicinity  of  the  infected  rat.  In  ooly  two  of 
the  75  fleas  were  flagellates  encountered.  These  two  fleas  had  not  been 
in  contact  with  the  infected  rat  for  seven  and  nine  days.  The  flagellates 
were  small  in  numbers,  occurred  in  the  hindgut,  and  were  of  the  type 
described  on  p.  374. 

The  examination  of  the  fleas'  salivary  glands,  ovaries,  fat-bodies, 
Malpighian  tubes  and  coelomic  fluid  gave  negative  results.  The  object 
of  first  feeding  the  fleas  on '  clean '  rats  was  of  course  to  get  some  clue  as 
to  the  presence  of  infective  parasites,  or  by  discovering  the  mechanism 
of  infection  to  deduce  the  whereabouts  of  the  parasite  in  the  insect. 

II.  Another  batch  of  fleas  to  the  number  of  239  were  removed 
from  breeding-box  *  B '  in  which  an  infected  rat  had  been  confined  for 
about  four  weeks.  The  fleas  were  divided  into  two  lots  (a)  and  (6). 
The  fleas  in  lot  (a),  20  in  number,  were  dissected  and  hypothetical 
infective  forms  were  looked  for  in  all  of  their  organs  with  the  result 
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that  96®/o  of  the  insects  were  found  to  contain  large  numbers  of 'small 
trypanosomes '  in  the  hind  gut. 

The  fleas  in  lot  (6),  219  in  number,  were  used  for  infection  experiments 
on  rats.  They  were  placed  on  14  clean  animals  about  four  days 
after  taking  them  from  the  vicinity  of  the  mt  infected  with  T,  letvisi. 
About  16  were  placed  on  each  rat.  Eight  of  the  14  rats  became 
infected ;  45  "/o  of  the  fleas  distributed  on  six  rats  not  being  infective, 
i.e.  although  96  Vo  of  the  fleas  in  lot  (a)  contained  *  small  trypanosomes ' 
only  55  "/o  (at  the  most)  of  the  fleas  in  Jot  (6)  proved  infective.  We  do 
not  know  upon  what  this  discrepancy  depends. 

Since  we  found  no  other  forms  than  the  small  trypanosomes  in  the 
hindgut  we  assumed  that  these  might  represent  the  potentially  infective 
forms,  but  this  assumption  gained  no  support  from  experiments  in  which 
two  rats  respectively  were  inoculated  subcutaneously  and  intraperi- 
toneally  with  'small  trypanosomes'  derived  from  the  hindgnts  of  four 
fleas  and  yet  did  not  become  infected. 

We  therefore  thought  that  possibly  the  parasites  detected  had  not 
reached  a  stage  when  they  were  infective  under  the  conditions  in  which 
the  experiments  were  carried  out.  Although  we  found  no  parasites  in 
the  infective  fleas  other  than  those  encountered  in  the  hindgut,  an 
emulsion  of  the  salivary  glands  and  alimentary  tracts  of  11  fleas  fn^m 
an  infected  flea-box  were  respectively  inoculated  into  two  rats,  but  the 
results  were  again  negative. 

We  have  already  said  that  we  think  the  'small  trypanosomes'  in 
the  hindgut  of  the  flea  are  the  final  forms  which  T.  lemsi  takes  in  the 
flea,  and  that  it  is  they  which  find  their  way  back  to  the  rat  when  the 
flea  has  passed  the  latent  period  of  non-infectivity  and  become  infective, 
(late  infection). 

The  forms  of  the  parasite  which  are  found  in  the  flea  prior  to  the 
'  small  trjrpanosomes '  correspond  in  the  time  of  their  occurrence  to  the 
time  when  the  fleas  are  non-infective. 

We  therefore  believe  that  while  the  'small  trjrpanosomes '  are 
inherently  able  to  grow  in  the  rats'  blood  and  infect  the  rat,  the  forms 
which  precede  them  are  not  capable  of  doing  so.  This  is  we  think 
analogous  to  the  relation  of  the  malarial  parasite  to  its  power  of  infection 
at  different  stages  of  its  life  cycle,  and  not  to  a  bacterial  culture,  which 
would  be  infective  continuously. 

We  agree  with  Novy  and  MacNeal  in  the  case  of  T,  lewisi  that  the 
growth  in  the  insect  is  similar  to  the  growth  on  agar  in  'artificial 
culture,'  and  therefore  that  their  conception  of  the  insect  being  a  flying 
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culture  tube  is  to  a  certain  extent  justified.  The  difiFerences  which 
exist  are  differences  of  degree,  not  of  kind  :  the  development  of  T,  lewisi 
in  the  flea  proceeds  a  further  stage  than  it  does  on  agar. 

We  quote  here  an  observation  which  may  have  some  significance 
to  the  biology  of  trypanosomes.  We  found  in  an  experiment  that 
several  fleas  taken  from  a  heavily  infected  rat  and  then  fed  for  a 
fortnight  on  a  rat  which  was  immune  to  T.  lewisi  were  nevertheless 
infective;  which  shews  that  serum  which  would  have  prevented  the 
growth  of  jT.  lewisi  in  the  i*at  has  no  power  to  do  so  in  the  flea. 

During  the  initial  period  of  infectivity  of  the  flea,  during  the  first 
day  when  mechanical  transmission  is  effected,  the  trypanosomes  are 
found  in  the  midgut  of  the  flea,  and  may  possibly  be  the  forms  which 
cause  infection,  perhaps  by  regurgitation  of  the  gut  contents,  but  we 
think  that  probably  this  mechanical  transmission  is  effected  by  a  *  wet' 
proboscis,  or  in  some  cases  by  the  rat  chewing  up  a  flea  which  is  full  of 
T.  lewisi  and  becoming  infected  by  way  of  the  mucous  membrane  of  the 
alimentary  tract. 

(ii)    Experiments  with  lice. 

(tt)  By  previous  authors.  Many  workers  have  apparently  suc- 
ceeded in  transmitting  T.  lewisi  by  the  agency  of  lice ;  namely,  MacNeal 
(1904),  Swingle  (1907),  NutUll  (1908),  Manteufel  (1908),  Baldrey 
(1909),  Bensen  (mentioned  by  Baldrey  1909),  and  Breinl  and  Hindle 
(1909). 

On  the  other  hand  failures  to  transmit  the  infection  by  lice  have 
been  common.  Thus,  MacNeal  records  but  one  out  of  a  number  of 
experiments  which  he  performed  which  was  successful.  Swingle  also 
succeeded  in  infecting  rats  by  means  of  lice,  but  he  does  not  state  how 
many  times  he  failed  to  do  so.  Manteufel  (1908)  although  he  seems 
several  times  to  have  been  able  to  transmit  T.  lewisi  by  lice,  yet  records 
40  failures.  Prof.  Nuttall  (1908)  succeeded  once  (with  60  lice)  and 
failed  once  (with  40  lice).  Baldrey  (1909)  has  succeeded  and  failed, 
but  gives  no  figures.  Breinl  and  Hindle  (1909)  quote  three  positive 
experiments  but  they  also  had  negative  results. 

Babinowitsch  and  Kempner  (1899)  and  Prowazek  (1905)  could  not 
succeed  at  all  in  their  efforts  at  transmission  of  the  parasite. 

Further  observations  are  required,  but  those  which  we  review 
certainly  indicate  that  transmission  experiments  by  means  of  lice 
frequently  yield  negative  results,  even  when  large  numbers  of  lice  are 
transferred  from  infected  to  uninfected  animals. 
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(6)  Our  experiments.  We  ourselves  have  performed  17  experiments 
all  of  which  gave  a  negative  result,  although  we  modified  the  conditions 
of  the  experiments  in  various  ways. 

With  regard  to  these  experiments  with  lice,  they  have  for  the  most 
part  been  conducted  with  considerable  numbers  of  insects,  and  we 
believe  that  it  is  only  by  large  numbers  that  infection  is  produced.  In 
our  17  negative  experiments  an  average  of  67  lice  were  used  in  e€w?h 
experiment.  It  therefore  seems  more  unlikely  than  ever  that  lice 
play  any  important  part  in  nature  in  the  dissemination  of  the  disease. 

It  is  conceivable  that  'distant  transmission'  may  occur  in  the 
case  of  lice  in  the  manner  observed  in  the  case  of  fleas,  but  there  is  no 
trustworthy  evidence  to  prove  it.  Whilst  Baldrey  (1909)  records  one 
experiment  in  which  he  says  both  mechanical  and  distant  transmission 
was  proved,  the  experiment  has  little  value  since  he  says  that  many  of 
his  experimental  rats  were  spontaneously  infected.  Although  we  re- 
peated Baldrey's  experiment,  we  failed  to  obtain  a  positive  result.  We 
only  carried  out  one  experiment  as  follows : 

Experiment  21.  One  week  after  the  trypaDosomes  had  disappeared  from 
microscopic  observation  in  the  blood  of  a  white  rat  several  lice  (about  30)  were 
removed  from  the  rat  and  after  24  hours,  were  placed  on  a  *  clean'  white  rat,  but  no 
infection  followed,  that  is,  no  distant  transmission  occurred.  We  will  here  remark 
that  it  was  in  hce  out  of  this  batch  that  we  found  the  developmental  forms  of 
T,  leunsi  described  on  pp.  378 — 384  (This  Journal). 

More  experiments  are  needed  on  this  subject.  We  think  that  the 
adoption  of  Manteufel's  or  Breinl  and  Hindle's  technique  may  favour 
the  obtaining  of  positive  results.  Manteufel  prevented  the  lice  which 
he  used  from  being  eaten  by  the  rat  on  which  they  were  put  by 
immobilising  the  rat.  Breinl  and  H indie  transferred  the  lice  which 
they  used  to  lousy  uninfected  rats,  by  which  means  the  transferred  lice 
did  not  attract  the  attention  of  the  rat  and  so  get  destroyed  before 
they  had  had  time  to  transmit  the  parasite  to  the  rat. 

(c)  The  relation  between  the  developmental  cyde  of  T.  lewisi  in 
the  louse  and  infection  hy  the  louse.  The  connection  between  infection 
and  the  morphological  character  of  the  ingested  trypanosome  in  lice 
may  ultimately  be  found  to  be  analogous  to  that  in  the  flea.  The 
morphological  characters  of  the  parasite  in  the  louse  have  been  very 
variously  described  by  different  authors,  but  a  cycle  of  development 
terminating  with  a  crithidial  or  herpetomonad  stage  seems  to  have 
been  seen  by  most  observers.  We  ourselves  have  recently  (1910) 
described  the  behaviour  of  T,  lewisi  in    the  louse  as  being  exactly 
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similar  to  that  in  culture,  which  agrees  with  most  other  workers' 
obeervatioQS.  We  uoted  that  either  owing  to  lice  being  very  short- 
lived, or  to  the  parasite  dying  out  in  lice  relatively  rapidly,  or  to  some 
other  cause,  the  growth  was  found  to  persist  for  only  a  very  short  time 
in  the  louse. 

With  regard  to  the  coelomic  crithidial  forms  in  the  louse  which 
have  been  described  by  Baldrey,  it  is  possible  that  they  were  inde- 
pendent flagellates,  and  we  think  that  the  developmental  cycle  which 
the  same  author  describes  is  partly  described  from  young  blood  forms 
of  T.  letuisi  ingested  by  the  louse.  Baldrey  says  indeed  that  the 
developmental  forms  are  only  to  be  found  in  lice  which  have  fed  on 
rats  just  infected  with  T.  lewisi. 

We  would  like  to  emphasize  here  that  the  development  of  the 
trypanosome  in  the  louse  is  a  very  rare  occurrence.  One  of  us  has 
previously  reported  (C.  S.  1910)  not  finding  any  stage  of  development 
whatever  in  275  lice,  while  the  other  has  examined  a  great  number 
in  Holland  with  negative  results.  Other  observers  also  have  never 
observed  any  cycle  of  development.  Thus,  Breinl  and  Hindle  say  that 
they  examined  so  many  lice  from  rats  infected  with  T.  lewisi  with 
negative  results  that  they  were  about  to  give  up  the  search  when  they 
suddenly  came  upon  developmental  forms.  Notwithstanding  this  these 
authors  go  on  to  make  the  remark  that  it  seemed  surprising  *that 
Nuttall  and  his  co-workers  had  failed '  in  the  search. 

Whatever  the  cycle  of  development  of  T,  letvisi  in  the  louse 
may  be,  it  is  not  very  clear  as  to  its  connection  with  infection  of  rats 
by  lice,  as  will  be  seen  in  the  following  list  of  observations  made  by 
different  authors.  Prowazek  (1905)  and  Rodenwaldt  (1909)  both 
observed  a  developmental  cycle  in  lice,  but  could  not  succeed  in  trans- 
mitting the  parasite  by  their  agency.  We  have  also,  as  stated  above 
(1910),  found  a  developmental  cycle  in  the  louse,  but  were  unable  to 
transmit  the  pai-asite  with  such  lice. 

Baldrey  (1909)  however  found  the  developmental  forms  in  lice,  and 
succeeded  in  transmitting  T.  lewisi  by  means  of  them.  He  correlated 
what  he  thought  was  'early'  and  'late'  transmission  with  different 
stages  in  the  developmental  cycle  of  the  parasite.  Similarly  Breinl 
and  Hindle  (1909)  succeeded  in  transmitting  T.  levrisi  from  rat  to  rat 
by  lice  and  they  saw  developmental  stages  of  T.  lemisi  in  such  lice. 

On  the  other  hand  some  of  those  observers  who  could  find  no  sign 
of  any  development  of  T.  lewisi  in  the  louse,  were  able  to  transmit 
infection  from  infected  to  non-infected  rats  by  the  louse,  while  others 
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could  not.  Those  who  succeeded  were  MacNeal  (1904),  Nuttall  (1908), 
Manteufel  (1908),  and  Breini  and  Hindle  (1909)  who  at  that  time  could 
not  find  the  developmental  changes.  Those  who  failed  were  ourselves 
who  at  that  period  could  not  find  the  developmental  stages,  although 
we  have  since  succeeded  in  doing  so. 


(iii)     Experiments  with  other  arthropods. 

We  carried  out  two  experiments  with  Gamasu^  sp.,  a  mite  which  is 
occasionally  found  on  rats;  two  with  bugs  (Acanthia  lectvlaria)  and 
one  each  with  Ornithodoros  nwnbata  nymphs  and  adults ;  but  in  all  cases 
with  negative  results.  It  is  of  course  conceivable  that  if  more  of  these 
experiments  had  been  performed  a  positive  result  might  have  been 
attained. 

In  all  of  these  experiments  the  arthropod  was  taken  from  a  well- 
infected  rat  and  then  placed  on  a  'clean'  rat.  The  bugs  which  we 
used,  on  being  dissected,  shewed  the  developmental  forms  which  we 
have  described  on  p.  386,  while  the  tick-nymphs  were  used  seven  days 
»fter  they  had  come  irom  an  infected  rat  and  their  guts  were  full  of 
active  trypanosomes. 

Experiment  22.  Four  Oamasus  which -were  taken  from  a  wild  rat  infected 
with  T.  lewisi  were  immediately  placed  ou  a  'dean'  white  rat,  but  no  infection 
resulted. 

Experiment  23.  Two  Gamasua  were  taken  from  a  rat  heavily  infected  with 
T,  leioin  and  put  on  a  '  clean '  white  rat,  but  no  infection  followed. 

Experiment  24.  About  four  days  after  some  bugs  {Acanthia  lecttdaria)  had  fed 
on  a  rat  infected  with  T,  lewiei,  they  were  allowed  to  feed  on  a  '  dean '  white  rat. 
The  result  was  negative. 

Experiment  25.  About  six  days  after  some  bugs  had  fed  on  an  infected  rat, 
they  were  fed  on  a  'clean'  white  rat,  with  negative  results. 

Experiment  26.  Several  nymphs  of  Ornithodoros  moubata  were  fed  on  an  in- 
fected rat  and  seven  days  after  were  fed  on  a  *  clean'  animal,  but  no  infection 
resulted. 

Experiment  27.  Two  adult  0.  motibata  which  had  recently  fed  on  a  rat  infected 
with  T.  lewid  were  fed  on  a  'clean'  white  rat  which  however  did  not  develop 
infection. 

We  thus  see  that,  although  we  have  previously  (1910)  shewn  that 
T,  lewisi  persists  for  a  definite  period  in  the  gut  of  the  bug  and  the 
adult  tick  0.  moubaJtat  yet  we  could  not  obtain  infection  with  these*^ 
arthropods.     It  is  certainly  possible  that  these  arthropods  may  oc- 
casionally transmit  the  infection,  and  that  this  depends  on  the  behaviour 
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of  the  parasite  in  their  bodies  after  being  ingested,  but  we  have  not 
yet  been  able  to  obtain  infection  with  arthropods  in  which  subsequent 
dissection  has  shewn  the  persistence  of  T.  levdsi. 

IV.    Description  of  a  peculiar  form  of  T.iLEWisi. 

We  would  like  to  make  brief  mention  here  of  a  curious  form  of  try- 
panosome  found  in  the  rat's  blood  by  one  of  us.  It  is  characterised  by 
an  enormous  elongation  of  the  posterior  end  of  the  body,  the  total  length 
of  the  protozoon  being  45  fju.  The  flagellum  is  short,  and  stains  deeply 
red  with  Giemsa's  stain,  and  though  it  does  not  end  in  the  blepharoplast 
which  is  very  large  and  spherical,  yet  no  basal  granule  is  evident  at  its 
proximal  end.     The  nucleus  is  situated  in  the  anterior  part  of  the  cell 


Fig.  1.     X2646. 

and  shews  the  achromatic  substance  perfectly  with  disseminated  chro- 
matic granules  in  it.  The  protoplasm  possesses  a  distinctive  band  of 
dense  cytoplasm  in  its  middle  third,  and  also  a  riband  of  dense  protoplasm 
at  the  anterior  end  along  the  flagellar  side.  Posterior  to  the  nucleus 
is  a  very  distinct  band  of  very  loose  spongioplasm.  Disseminated  all 
through  the  protoplasm  are  a  number  of  prominent  chromidia. 

Wendelstadt  and  Fellmer  have  recently  found  such  forms  in  rats 
inoculated  with  T.  lewisi  which  have  been  passed  through  reptiles  and 
other  cold-blooded  animals.  Its  presence  in  a  spontaneously  infected  rat 
is  therefore  suggestive.  Thomson  (cited  by  Woodcock)  has  also  previously 
seen  these  forms,  and  other  organisms  with  a  considerable  prolongation, 
but  not  so  filiform,  have  been  encountered  by  one  of  us  (N.  H.  S.). 

Summary  and  Conclusions. 

1.  Trypanosoma  lewisi  was  found  in  25  Y^  of  rats  caught  in  and 
about  Cambridge.  Of  these  rats  12'/o  were  young,  33Y(>  adult,  and 
29  Vo  old.  In  this  region  the  endemicity  was  localised  to  certain 
areas. 
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2.  Fleas  (G.fasdatm  and  C.  agyrtes)  were  constantly  found  associated    ^ 
with  wild  rats  infected  with  T.  levnsi.     We  think  that  these  two  f^pecies 

of  fleas  are  the  chief  carriers  of  the  parasite  from  rat  to  rat  in  this 
region. 

3.  We  tri<jd  transmission  experiments  with  fleas  (0,  fasdatus  and 
G.  dgyrtes),  lice  (H,  spinulostis),  bugs  (A.  lectularia),  ticks  (0.  moubata, 
nymphs  and  adults),  and  Oamasua  sp.,  but  only  obtained  a  positive 
result  by  the  agency  of  fleas. 

4.  In  the  transmission  experiments  the  arthropod  was  transferred 
from  an  infected  to  an  uninfected  animal.  16%  of  13^  experiments 
with  fleas  were  successful,  80 — 98  7o  of  the  fleas  used  were  non-infective, 
while  2 — 20  %  were  infective. 

5.  Distant  transmission  occura  with  fleas.  This  was  observed  by 
one  of  us  in  January,  1909. 

6.  '  Mechanical '  transmission  occurs  sometimes  with  fleas. 

7.  Infective  fleas  do  not  transmit  the  power  of  infection  to  their 
young. 

8.  The  mechanism  of  infection  in  the  case  of  mechanical  transmission 
is  by  the  bite  of  the  flea;  in  the  case  of  the  distant  infection  it  is 
not  so. 

9.  The  infective  forms  of  T,  lewisi  for  distant  transmission  are 
probably  the  'small  trypan osom es '  which  we  have  described  elsewhere 
(1910).  The  forms  of  T,  lewisi  found  prior  to  the  small  trypanosomes 
in  the  developmental  cycle  are  not  infective. 

10.  The  development  of  the  trypanosomes  in  the  flea  is  not 
interfered  with  by  the  flea  feeding  on  a  rat  immune  to  the  disease. 

11.  Seventeen  experiments  with  lice  were  performed,  but  no 
transmission  was  obtained  by  their  agency.  1139  lice  were  used.  No 
confirmation  of  Baldrey's  infective  cycle  in  lice  could  be  obtained. 

12.  We  could  trace  no  connection  between  transmission  of  infection 
by  lice  and  the  presence  in  them  of '  developmental  forms.' 

13.  No  transmission  of  T,  lewisi  by  other  arthropods  was  obtained. 
These  negative  results  had  no  connection  with  the  presence  in  the 
arthropods  of  'developmental  forms.' 

In  conclusion  we  would  like  to  thank  Professor  Nuttall  for  his 
kindness  in  inoculating  our  animals  and  providing  us  with  the 
material  for  our  experiments,  and  for  his  interest  and  advice  in  our 
work. 
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INTRODUCTION 

The  following  paper  is  based  upon  observations  of  the  parar 
sites  of  Simulium  larvae  during  the  fall  of  1911,  in  the  neighbor- 
hood of  Boston.  Although,  prior  to  the  spring  of  1911,  when 
I  found  several  distinct  parasites  in  these  larvae,  there  were  no 

*  Contributions  from  the  Entomological  Laboratory  of  the  Bussey  Institution, 
Harvard  University,  No.  56. 

43 


Digitized  by 


Google 


44  E.   H.    STRICKLAND 

records  of  their  occurrence  in  North  America,  they  axe,  at  least 
in  the  locality  above  named,  extremely  abundant  and  readily 
visible  to  the  most  casual  observer.  It  would  seem,  therefore, 
that  these  parasites,  most  of  which  belong  to  the  order  Myxo- 
sporidia  of  the  Sporozoa,  cannot  be  generally  distributed  through- 
out the  United  States,  since  there  are  no  previous  records  of 
their  occurrence,  although  Simuliiun  larvae  have,  in  many  sec- 
tions, received  very  careful  attention.  The  only  works  which 
have  been  published  in  this  country  dealing  with  the  Myxospor- 
idia  are  those  of  Gurley  ('93  and  '94),  who  gave  very  complete 
accounts  of  all  the  forms  then  known  to  occur  in  fishes.  Nothing 
however  has  been  written  in  connection  with  the  Myxosporidian 
parasites  of  insects.  For  this  reason  I  have  deemed  it  advisable, 
before  describing  in  detail  the  species  found  as  parasites  of 
Simulium  larvae,  to  give  a  brief  review  of  the  order  Myxo- 
sporidia  paying  especial  attention  to  the  suborder  Cryptocystes, 
or  Microsporida.  From  the  observations  I  have  made  regarding 
the  Protozoa  and  their  effects  upon  Simulium  larvae  I  have  no 
reason  to  doubt  that  their  presence  is  always  fatal  to  their  host, 
and,  since  in  some  cases  as  many  as  80  per  cent  of  the  larvae  are 
parasitised,  it  is  probable  that  the  inhabitants  of  this  part  of 
New  England  owe,  to  a  large  extent,  their  comparative  freedom 
frdm  annoyance  by  these  noxious  flies  to  the  abundance  of  their 
parasites. 

I  wish  to  express  my  sincere  thanks  to  Prof.  W.  M.  Wheeler, 
under  whose  directions  this  paper  was  prepared,  both  for  his 
help  and  advice  during  its  preparation,  and  for  a  critical  exam- 
ination of  the  manuscript. 

NOTES   ON    SIMULIUM   LARVAE   IN   THE  VICINITY  OF   BOSTON 

The  streams  in  this  locality,  though  usually  small,  flow  rapidly 
over  rocky  beds,  and  are  thus  eminently  suited  to  the  require- 
ments of  the  early  stages  of  the  various  species  of.  Simulimn. 
During  the  spring  of  1911  these  streams  were  foimd  to  contain 
immense  numbers  of  the  larvae,  the  most  abundant  species  being 
S.  hirtipes,  which  occurred  in  such  vast  masses  that  in  certain 
streams  hardly  a  stone  could  be  found  which  did  not  support 
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one  or  more  colonies.  Large  numbers  of  the  larvae  of  this,  and 
those  of  an  undescribed  species  were  parasitised  by  Microspor- 
idians.  I  have  published  a  short  account  ('11)  of  the  appearance 
of  the  infected  larvae,  and  of  the  external  structure  of  the  spores 
of  the  species  which  I  found.  At  the  time  of  discovery  all  the 
forms  had  sporulated,  so  further  details  could  not  be  given.  By 
the  middle  of  May  all  the  larvae  of  the  generation  under  observa- 
tion had  pupated  and  hatched,  and  during  the  smnmer  few  larvae 
were  to  be  seen  in  any  of  the  streams.  Only  in  a  few  places 
could  I  find  an  isolated  specimen  of  what  I  have  since  found  to 
be  the  hitherto  undescribed  larva  of  Simuliiun  bracteatum  Coq. 

On  October  1  I  resumed  my  search  for  Simuliid  larvae, 
hoping  to  find  the  early  stages  of  the  parasites.  A  number  of 
isolated  larvae  were  observed  in  most  of  the  streams  visited, 
and  it  was  not  long  before  I  found  evidence  of  Microsporidian 
parasites. 

The  larvae  observed  in  the  streams  during  the  fall  of  1911  are 
as  follows: 

S.  bracteatum;  most  numerous,  occurring  in  all  streams  in 
which  any  larvae  were  found,  though  always  living  a  solitary 
life.  S.  vittatum;  very  few  specimens  found  in  one  stream.  S. 
hirtipes;  not  found  till  the  beginning  of  November  after  which 
it  was  common  in  some  locahties. 

By  the  middle  of  November  collecting  became  extremely  diffi- 
cult as  the  streams  were  filled  with  fallen  leaves  which  had  to 
be  removed  almost  one  by  one,  and  examined  for  larvae,  as  the 
latter  appeared  to  prefer  them  to  the  stones. 

DESCRIPTION  OF  LARVA  AND  PUPA  OF  S.   BRACTEATUM  COQ. 

The  adult  of  this  species  was  described  by  Coquillett  in  1898 
from  specimens  taken  at  Cambridge,  Massachusetts,  about  seven 
miles  from  the  locahty  in  which  I  took  larvae  and  pupae  which 
yielded  adults  agreeing  in  all  details  with  his  description. 

Larva:  plate  1,  figs.  1  to  7.  The  mature  larva  is  6  mm.  long 
and  is  of  a  somewhat  brownish  color.  The  cephahc  fans  have 
about  fifty  rays  which  are  provided  with  very  short  internal 
cilia,  all  of  which  are  of  the  same  length.    The  antennae  (fig. 
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1)  axe  four-jointed,  joints  1  to  3  being  sub-equal,  the  fourth 
joint  small  and  conical.  The  labium  (figs.  6  and  7)  has  large 
swollen  lateral  teeth,  and  the  central  tooth  is  large  and  prominent 
while  the  intermediate  teeth  are  small.  On  the  ventral  surface 
there  are  usually  three  strong  setae  in  a  row,  and  two  smaller 
basal  setae.  The  number  and  position  of  the  setae,  however, 
as  in  all  species  examined,  are  inconstant  characters.  The  man- 
dibular bristles  (fig.  3)  are  not  very  pronounced.  The  maxillary 
palpus  is  long  and  slender  (fig.  5).  The  head  capsule  is  never 
uniformly  dark  all  over;  when  freshly  moulted  it  is  almost  white, 
with  a  darker  median  line  and  dusky  latero-basal  areas  (fig.  2). 
These  latter  fuse  with  one  another  till  the  greater  portion  of 
the  basal  two  thirds  of  the  capsule  is  of  a  deep  brown  color  (plate 
5,  fig.  1).  The  thorax  and  abdomen  are  greenish  gray  to  brown. 
The  apex  of  the  abdomen  is  swollen  and  of  a  lighter  color  ven- 
trally.  On  each  side  of  the  swollen  portion  is  a  distinct  dorso- 
lateral longitudinal  furrow.    The  gills  are  simple  and  trilobed. 

Pupa:  plate  i,  figs.  8  and  9,  This  is  3  mm.  long,  chestnut 
brown,  turning  to  black  when  mature,  with  fom^-branched  res- 
piratory filaments  (fig.  9).  The  dorsal  surface  of  the  posterior 
margins  of  the  fourth  and  fifth  abdominal  segments  have  eight 
anterior  curved,  small,  brown  hooks.  Usually  no  other  segment 
bears  traces  of  dorsal  hooks  but  the  sixth  occasionally  bears  two 
or  three.  Ventrally  segments  5  to  8  bear  at  least  one  pair  of 
obsolete  hooks  on  the  posterior  margin,  and  usually  there  are 
traces  of  a  second  pair  of  hooks  on  some  of  the  segments. 

Cocoon.  This  is  formed  of  rather  coarse  gray  silk  and  does 
not  completely  enclose  the  pupa.  It  is  of  the  wall-pocket  type 
and  is  usually  found  singly,  attached  to  stones  or  dead  leaves. 

The  pupa  of  this  species  is  of  especial  interest,  because  only 
two  other  pupae  have  been  described  in  which  the  respiratory 
filaments  are  only  four  branched.  One  of  these  is  a  European 
and  the  other  a  South  American  species  recently  described  by 
Lutz  (10).^ 

*  Since  the  above  was  written  Forbes  ('12)  has  described  the  pupa  of  a  new 
species,  S.  johannseni,  found  in  the  Illinois  River,  in  which  the  respiratory 
filaments  are  four-branched. 
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STRUCTURAL  PECULIARITIES  AND  HABITS  OF  SIMULIUM  LARVAE 
BEARING  ON  THE  SUBJECT  OF  PARASTITISM 

Simulium  larvae  are  particularly  difficult  insects  to  study  in 
the  living  condition  because  it  seems  to  be  impossible  to  keep 
them  alive  for  any  adequate  length  of  time  in  captivity.  There 
seem  to  be  two  reasons  for  this.  It  may  be  due  simply  to  the 
fact  that  the  respiratory  gills  are  very  small  and  are  unable  to 
extract  sufficient  oxygen  from  stagnant  water,  for  it  will  be 
remembered  that  the  larv^ae  five  only  in  very  fast  flowing  water. 
When  captive  larvae  are  closely  watched  they  are  seen  to  pass 
faecal  matter  very  frequently  and  this  activity  is  accompanied 
by  very  evident  signs  of  hunger,  for  the  larvae  do  not  remain  sta- 
tionary as  before  but  turn  their  heads  rapidly  in  all  directions 
and  seem  to  be  searching  about  on  the  bottom  of  the  receptacle, 
in  which  they  are  placed,  for  food.  I  have  even  seen  them  turn 
and  re-ingest  their  own  faeces  as  soon  as  they  had  been  expelled. 
If  small  Chironomid  larvae  are  present  in  the  water,  as  is  fre- 
quently the  case,  the  SimuUum  larvae  will  rapidly  sieze  upon, 
and  attempt  to  devour  them,  though  owing  to  the  pecuHar  mod- 
ification of  the  mouth  parts  they  never  appear  to  succeed  in 
these  attempts.  It  seems  from  these  facts  that  hunger  is  very 
detrimental  to  the  larva,  and  the  probabihty  of  this  statement 
is  heightened  by  the  fact  that  larvae  which  have  died  in  captivity 
very  rarely  have  any  food  in  the  mesenteron.  This  region  of 
the  alimentary  tract  is  then  filled  with  some  secretions,  probably 
digestive,  which  coagulate  in  the  warm  fixing  fluid.  Although 
life  may  be  prolonged  for  several  days  in  healthy  larvae  it  is 
difficult  to  keep  parasitised  individuals  alive  for  more  than  two 
days  at  the  most.  For  this  reason  I  have  been  imable  to  carry 
through  any  successful  experiments  on  reinfection  by  the  parasites 
or  in  transferring  them  to  other  species  of  larvae.  Such  experi- 
ments, will,  it  seems,  have  to  be  performed  in  the  field  and  could 
probably  be  more  readily  accomplished  in  the  spring  when  the 
larvae  are  most  abundant. 

It  is  interesting  to  note,  in  passing,  that  the  majority  of  Simul- 
iimi  pupae  fail  to  hatch  in  captivity.     Many  of  those  which  I 
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collected  were  on  leaves  which  I  placed  in  the  water  without 
touching  the  pupae,  so  as  to  prevent  any  possible  damage.  Only 
in  three  cases,  however,  in  all  of  which  the  pupa  was  almost 
matiu^e,  was  development  completed,  and  in  all  of  these  the  fly 
failed  to  reach  the  surface  of  the  water  without  wetting  its  wings. 
Mr.  A.  H.  Jennings  of  the  Biu^eau  of  Entomology,  to  whom  I 
mentioned  this  fact,  suggested  that  it  might  be  due  to  the  ina- 
biUty  of  the  pupa  to  extract  sufficient  oxygen  from  the  stagnant 
water  to  envelop  the  contained  fly  entirely  and  thus  protect  it 
from  the  water  upon  its  emergence. 

a.  The  cephalic  fans 

The  cephalic  fans  of  Simulium  larvae  (pi.  5,  fig.  1  a)  are  ex- 
tremely specialised  organs  and  are  wonderfully  suited  to  enable 
the  larvae  to  obtain  food  from  the  water*  in  a  vertical  position, 
thus  avoiding  the  necessity  of  searching  for  nutriment  in  the 
bed  of  the  stream.  In  the  adult  larva  of  Simuliimi  bracteatum 
they  are  composed  of  about  fifty  curved  rakes,  which,  when  the 
fans  are  extended,  form  two  very  efficient  bowl-shaped  strainers, 
capable  of  collecting  a  large  quantity  of  small  food-particles  from 
the  water  as  it  flows  through  the  small  spaces  between  the  cilia 
of  the  rakes.  In  very  young  laryae,  however,  these  organs  are 
far  less  completely  developed.  In  a  larva  measiuing  only  somie 
0.75  mutn.  in  length  they  are  represented  by  only  about  ten  widely 
separated  rakes  instead  of  the  complete  number  of  about  fifty. 
In  two  very  minute  larvae  not  a  sLagle  rake  was  present.  Whether 
this  is  an  abnormal  condition  or  not  I  am  unable  to  state,  but 
in  both  cases  the  alimentary  tract  was  filled  with  food.  I  have 
dissected  and  sectioned  many  eggs  from  different  masses,  but 
have  been  unable  to  find  any  in  sufficiently  advanced  stages  to 
show  whether  the  fans  are  normally  form^  in  the  embryo  or 
not.  It  is  a  significant  fact,  however,  that  neither  in  the  work 
of  Kolliker  C42),  nor  in  that  of  Metschnikow  C66),  which  rep- 
resent the  only  embryological  studies  of  these  insects,  are  the 
cephalic  fans  either  figured  or  mentioned.  It  would  seem,  there- 
fore, that  the  yoimgest  larvae  have  to  obtain  their  food  by  pick- 
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ing  it  up  from  the  stones  and  debris  of  the  stream,  mstead  of, 
as  at  later  stages,  by  simply  ingesting  what  is  strained  out  by 
their  cephalic  fans  from  the  rapidly  flowing  current. 

Sections  of  the  alimentary  tract  of  Simulium  larvae  are  of 
peculiar  interest  in  connection  with  the  peritrophic  membrane, 
which,  owing  doubtless  to  the  siliceous  nature  of  the  food  (Dia- 
toms), is  exceptionally  thick  and  well  developed.  As  I  am  led 
to  believe  that  the  presence  of  this  thick  membrane  is  of  impor- 
tance in  connection  with  parasitism,  and  since  it  also  shows  some 
imique  modifications  in  development,  I  will  describe  its  forma- 
tion and  structure  in  some  detail. 

6.  The  peritrophic  membrane 

Text  figure  1  shows  diagranmiatically  at  A  a  median  longitud- 
inal section  through  the  proventriculus  and  anterior  portion  of 
the  mesenteron  of  a  larva.  From  this  it  will  be  seen  that  at 
the  junction  of  the  stomenteron  and  the  mesenteron  the  former 
has  been  pressed  into  the  lumen  of  the  latter  to  such  an  extent 
that  its  wall  has  become  everted  for  a  considerable  distance,  so 
that  it  folds  back  upon  itself,  thus  bringing  the  internal  surface 
of  the  reflected  portion  into  contact  with  the  first  twenty  to 
thirty  cells  of  the  mesenteric  epithelium.  It  is  from  this  band 
of  mesenteric  cells,  which  is  termed  the  cardia,  that  the  peri- 
trophic membrane  (p.m.)  is  produced.  The  cells  are  much  mod- 
ified in  size  and  shape  and  are  sharply  marked  off  from  the  more 
posterior  mesenteric  epithelium.  So  great  is  the  modification  that 
there  has  long  been  a  discussion  as  to  whether  the  cardia  is  of 
stomodeal  (ectodermal)  or  mesenteric  (entodermal)  origin.  Miall 
and  Hammond  ('00)  have  shown,  from  a  study  of  the  embryol- 
ogy of  Chironomus  that  in  this  fly  the  cells  of  the  cardia  are 
undoubtedly  of  entodermal  origin,  and  there  is  no  reason  to 
doubt  that  this  is  also  the  case  in  the  alUed  family  Simuliidae. 
The  junction,  then,  between  the  stomenteron  and  the  mesenteron 
is  situated  immediately  anterior  to  the  cardia,  artd  the  reflected 
portion  which  faces  the  cardia  represents  the  extremity  of  the 
oesophagus.     I  shall  refer  to  this  portion  of  the  oesophagus  in 
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future  as  the  oesophageal  fold  (o./.)  of  which  the  end  attached 
to  the  cardia  is  the  apex  and  that  at  the  flexure  the  base.  The 
cells  of  the  cardia  are  colunmar  in  shape,  and  in  stained  prep- 
arations have  a  much  greater  affinity  for  such  stains  as  haema- 


Text  fig.  1  Diagrammatic  peritrophogen  of  a  Simuliid  larva.  A,  Section  of 
peritrophogen  in  the  normal  position;  o,  lumen  of  oesophagus;  o./.,  oesophageal 
fold;  i.e.,  reflected  portion  of  the  oesophagus;  x,  junction  between  the  oesoph- 
agus and  the  midgut  (stomenteron  and  mesenteron),  c,  cardia  composed  of 
enlarged  mesenteric  cells  which  secrete  the  peri  trophic  membrane  p.m;  ch,  thick 
deposit  of  chitin  on  the  basal  half  of  the  oesophageal  fold,  bearing  stout 
bristles  6;  I,  ligament  holding  cardia  in  position  around  the  oesophagus. 
Bf  Surface  view  of  reflected  portion  of  the  oesophagus  (oesophageal  fold)  showing 
imbricated  tufts  of  downwardly  directed  bristles.  C,  Peritrophogen  relaxed. 
D,  Peritrophogen  extended,  showing  the  bristles,  6,  in  contact  with  the  freshly 
secreted  peritrophic  membrane. 

toxylin  than  the  remainder  of  the  mesenteron.  Ajs  is  the  case 
with  all  the  mesenteron  cells  they  are  glandular  in  function, 
and  that  they  are  very  active  is  proved  both  by  the  quantity 
of  secretion  they  produce  and  by  their  greatly  enlarged  nuclei. 
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In  a  half-grown  larva  there  are  three  distinct  areas  in  the  cardia 
(pi.  6,  fig.  8).  The  anterior  cells  are  small  and  closely  crowded 
together.  These  secrete  very  httle  material.  Posteriorly  there 
are  a  number  of  cells  apparently  undergoing  degeneration  since 
they  are  much  less  regular  in  shape  than  the  intermediate  cells. 
None  of  these  has  any  secretion  attached  to  the  exposed  surface. 
Between  these  extremes  is  situated  a  series  of  five  or  six  large 
ceils  which  are  very  actively  secreting  a  material  of  a  chitinous 
nature.  This,  by  a  process  described  below,  is  drawn  out  as  a 
film  into  the  mesenteron  where  it  functions  as  the  peritrophic 
membrane. 

In  young  and  half-grown  larvae  all  the  anterior  cells  are  small 
and  almost  functionless,  while  in  mature  individuals  they  are 
often  enlarged  and  very  actively  secreting  the  material  of  which 
the  peritrophic  membrane  consists.  This,  however,  is  not  always 
the  case  for  in  some  mature  larvae  they  remain  small.  They 
seem,  therefore,  to  constitute  a  reserve  in  case  more  secretion 
is  required,  and  this  reserve  is  not  always  drawn  upon.  That 
there  is  a  backward  movement  of  the  cells  of  the  cardia  is  indi- 
cated by  the  fact  that  those  cells  farthest  behind  the  secreting 
portion  have  every  appearance  of  degeneration,  and  though  they 
are  now,  as  far  as  can  be  seen,  non-functional,  the  nucleus  is 
much  enlarged,  though  showing  signs  of  disintegration.  These 
cells  also  have  the  appearance  of  having  been  pressed  out  of 
shape  and  in  some  cases  degenerate  portions  of  them  appear  to 
be  sloughing  away.  Then  again  there  is  no  peritrophic  membrane 
in  the  embryo,  and  it  is  not  improbable  that  at  this  stage  all 
the  later  fimctioning  cells  are  undeveloped  and  are  crowded 
together  anteriorly.  Unfortunately  my  preparations  of  the  ear- 
liest stages  obtained  do  not  show  details  with  sufficient  distinct- 
ness to  confirm  this  supposition.  • 

That  the  substance  of  which  the  peritrophic  membra«ie  is  com- 
posed is  chitinous  is  proved  by  the  fact  that  it  can  be  boiled  in 
strong  caustic  alkalies  without  dissolving.  Vignon  ('01)  showed 
that  the  membrane  is  produced  as  a  fluid  which  becomes  coagu- 
lated soon  after  secretion.  From  my  preparations  it  seems  that 
the  material  remains  plastic  for  some  time  after  secretion,  and 
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that  when  m  this  condition  it  is  very  ductile.  Plate  6,  figure  8 
shows  that  the  portion  of  the  cardia  which  secretes  the  peritro- 
phic  membrane  is  normally  distant  from  the  orifice  of  the  proven- 
triculus,  and  the  question  arises  as  to  how  the  secretion  passes 
backward,  as  a  regular  film,  to  the  point  where  it  can  first  come 
in  contact  with  the  food,  to  form,  when  hardened,  a  continuous 
membrane  which  will  entirely  invest  it  during  its  backward  pas- 
sage through  the  alimentary  tract.  There  is,  in  every  species 
of  SimuUmn  which  I  have  as  yet  examined,  a  structure  peculiarly 
fitted  to  accomplish  this,  and  this  structm^e  does  not  appear  to  have 
been  seen  in  any  other  insect.  I  failed  to  locate  it  in  Chirono- 
mus  but  have  not  examined  the  larvae  of  other  allied  famihes. 
In  the  accoimts  and  figures  of  the  cardia  and  peritrophic  mem- 
brane of  Culicidae  by  Thompson  ('05)  and  Tmms  ('07)  this 
structure  is  neither  mentioned  nor  illustrated,  so  it  is  probably 
not  to  be  found  in  the  larvae  of  this  family.  It  will  be  remem- 
bered that,  as  previously  stated,  the  internal  secreting  surface 
of  the  cardia  is  faced  by  the  internal  surface  of  the  oesophageal 
fold.  The  latter,  being  of  ectodermal  origin,  is  lined  with  chitin, 
and  that  lining  the  basal  or  posterior  half  of  the  fold  is  very 
much  thickened,  so  as  to  be  quite  ri^d  (text  fig.  1,  A).  It  is  also 
beset  with  strong,  backwardly  projecting,  black  bristles,  placed 
in  radiating  tufts,  which  are  arranged  in  an  imbricated  manner 
over  the  entire  surface  of  this  reinforced  area  (text  fig.  1 ,  B) .  The 
chitin  Uning  the  apical  or  anterior  half  of  the  fold  is  much  reduced 
and  hardly  discernable  in  most  larvae.  The  epithelial  cells  which 
secrete  this  small  quantity  of  chitin  are  themselves  also  very 
small.  This  renders  the  basal  half  of  the  oesophageal  fold,  which 
normally  Ues  opposite  the  functionless  portion  of  the  cardia, 
very  rigid,  and  the  apical  half,  which  faces  the  secreting  cells  of 
the  cardia,  very  flexible.  The  cardia  is  held  in  place  around 
the  proventriculus  by  an  elastic  ligament  (I.)  formed  of  connective 
tissue,  which  is  attached  to  its  anterior  extremity,  and  to  the 
external  wall  of  the  stomenteron.  This  ligament  is  capable  of 
great  extension  and  enables  the  cardia  to  be  drawn  backwards 
and  forwards  over  the  chitinous  surface  of  the  oesophageal  fold. 
These  movements  were  actually  observed  to  take  place  in  a  liv- 


Digitized  by 


Google 


PARASITES   OF  SIMULIUM   LARVAE  53 

ing  larva  which  was  examined  in  a  cell  slide  under  the  low  power 
of  a  microscope.  Sections  also  show  the  different  positions  the 
cardia  and  proventriculus  may  assimie  with  respect  to  each 
other  (text  figure  1,  CandD).  The  result  of  these  movements 
is  that  the  stout  bristles  on  the  basal  half  of  the  oesophageal 
fold  are  brought  forward  into  contact  with  the  newly  formed, 
plastic  secretion  of  the  cardia.  Owing  to  the  direction  in  which 
these  bristles  are  placed  they  are  able  to  draw  a  quantity  of 
this  material  backward  when  the  proventriculus  returns  to  its 
normal  position.  This  material  soon  hardens  and  in  a  subse- 
quent forward  movement  of  the  proventriculus  the  bristles  are 
withdrawn  from  the  membrane  only  to  become  re-entangled  with 
it  at  a  point  nearer  to  its  oi:igin,  so  that  any  subsequent  retrogres- 
sive movement  will  draw  more  of  the  secretion  backward  till 
the  circular  membrane  thus  formed  overhangs  the  orifice  of  the 
proventriculus  and  entirely  surrounds  the  food,  which  is  being 
passed  from  here  into  the  lumen  of  the  mesenteron. 

I  have  not  examined  in  detail  the  musculature  which  is  in- 
volved in  these  cardiac  movements,  but  believe  that  the  whole 
mesenteron  is  contracted  by  a  series  of  external  longitudinal 
muscle  fibres  which  extend  along  its  entire  length  (pi.  6,  fig.  9). 
This  would  also  accoimt  for  the  wrinkling  up  of  the  peritrophic  . 
membrane  which  is  often  seen  in  sections  of  the  midgut. 

In  Simulium  larvae  the  peritrophic  membrane  is,  as  previously 
stated,  exceptionally  thick  and  well  developed.  This  is  almost 
certainly  due  to  the  fact  that  these  larvae  live  to  a  great  extent 
on  diatoms  and  other  siliceous  matter  which,  but  for  the  protec- 
tion afforded  by  such  a  membrane,  would  be  very  liable  to  damage 
the  walls  of  the  mesenteron.  In  these  larvae  the  membrane 
also  remains,  for  the  greater  part,  intact  in  the  proctenteron, 
still  closely  investing  the  food  till  it  is  voided  from,  the  anus. 
That  large  quantities  are  continually  being  formed  is  evidenced 
by  the  fact  that  the  larvae  pass  faecal  matter  very  frequently 
and  that  the  faeces  are  always  enveloped  in  a  plentiful  supply 
of  the  membrane.  The  membrane  is  doubtless  impervious  to 
anything  but  hquids  as  was  emphatically  stated  by  van  Gehuch- 
ten  ('90)  who  concluded  that  the  digestive  fluids  and  the  products 
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of  digestion  pass  through  it  by  osmosis.  Since  this  is  the  case, 
and  since,  as  before  stated,  the  membrane  is  exceptionally  thick 
and  complete  from  the  proventriculus  to  the  anus,  it  would  seem 
to  be  very  difficult  or  even  impossible  for  Microsporidian  par- 
asites to  gain  access  to  the  tissues  of  the  larvae  after  the  membrane 
has  been  formed. 

c.  The  relation  between  these  structures  and  parasitism 

In  describing  the  structure  of  the  cardia  I  drew  attention  to 
the  fact  that  there  is  no  peritrophic  membrane  in  the  embryo, 
and  it  does  not  seem  unreasonable  to  suppose  that  in  the  earliest 
larval  stage  the  membrane  does  not  entirely  surroimd  the  food. 
Indeed  I  have  reasons  to  believe  that  the  first  meal  or  so  of  the 
young  larva  is  the  most  critical  of  its  life  if  Microsporidian  spores 
are  present  in  the  stream  in  which  it  hatches.  These  reasons 
are  three  in  niunber.  First,  in  all  cases  of  parasitised  individuals 
there  are  indications  that  the  parasite  gains  admission  to  the 
body  cavity  at  a  very  early  period  in  the  life  of  the  larva,  for 
I  have  never  succeeded  in  finding  a  full  or  even  half  grown  larva 
in  which  the  early  stages  of  the  parasite  were  present.  Secondly, 
owing  to  the  minuteness  of  the  spores,  which  are  comparatively 
heavy  and  sink  in  water,  and  to  the  smoothness  of  their  shells, 
they  would  readily  pass  through  the  fans  of  somewhat  developed 
larvae  which  have  assumed  a  vertical  position  in  feeding.  In 
the  earliest  stages,  however,  as  shown  above,  it  is  conjectured 
that  food  has  to  be  sought  out  by  the  larva  which  picks  up  what 
it  can  find  collected  in  small  depressions  in  the  stones  over  which 
it  moves.  In  this  way  it  is  extremely  likely  that  it  would  ingest 
one  or  more  of  the  innumerable  spores  which  have  been  liberated 
in  the  water  and  which  have,  whenever  possible,  sunk  to  the  bed 
of  the  stream.  The  third  reason  is  that,  as  inferred  at  the  con- 
clusion of  the  last  paragraph,  some  of  the  first  food  to  escape 
from  the  proventriculus  may  not  be  entirely  separated  from  con- 
tact with  the  mesenteron  by  the  peritrophic  membrane.  For 
if  one  allow  that  at  this  time  the  membrane  is  already  partially 
formed,  it  will  not  be  present  far  beyond  the  orifice  of  the  proven- 
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triculus  and  must  remain  open  at  the  end  all  the  time  the  food 
is  carrying  it  backward  through  the  mesenteron.  This  would 
give  the  young  germ,  liberated  from  the  spore  by  the  action  of 
the  digestive  juices,  ample  time  to  escape  from  the  open  end 
and  thus  get  into  actual  contact  with  the  epitheliiun,  from  which, 
soon  after,  it  would  be  entirely  cut  off  during  the  remainder  of 
the  larval  life. 

CLASSIFICATION  OF  THE  SPOROZOA 

The  class  Sporozoa  consists  of  essentially  parasitic  Protozoa, 
from  the  attacks  of  which,  in  all  probability,  none  of  the  higher 
forms  of  life  from  the  annelids  up  to  the  vertebrates  is  immune. 
The  most  salient  characters  of  the  class  are  the  following: 

1.  Nutriment  is  always  of  a  fluid  nature  and  is  absorbed  by 
osmoses. 

2.  Ingesting  and  digesting  organs  are  never  present. 

3.  Flagella  may  be  present  in  certain  stages  of  development; 
these  are  used  for  locomotion  or  attachment  but  never  for 
nutrition. 

4.  Certain  stages  may  be  amoeboid,  but  the  pseudopodia  are 
used  exclusively  for  locomotion. 

5.  All  forms  are  capable  of  sporulation  in  order  to  increase 
the  infected  area  of  their  host,  or  by  the  spores  escaping  from 
it  to  spread  the  disease. 

The  Sporozoa  are  divided  by  Schaudin  into  two  subclasses  as 
follows: 

Subclass  I:  Telosporidia.  Sporozoa  in  which  spore  formation 
ends  the  individual  life;  the  entire  cell  then  forms  spores.  Thus 
the  reproductive  phase  is  distinct  from  and  follows  the  trophic 
phase.  To  this  subclass  belong  three  orders:  Gregarinida,  Coc- 
cidiida,  and  Haemosporidia.  I  shall  have  occasion  to  refer  to 
the  first  of  these  three  orders,  namely,  the  Gregarinida,  later. 

Siibclass  II:  Neosporidia.  Sporozoa  in  which  reproduction 
begins  during  the  trophic  phase  and  the  entire  cell  is  not  at  once 
used  up  in  the  production  of  spores.  To  this  subclass  belong 
two  orders:  Myxosporidia  and  Sarcosporidia. 

The  Myxospiridia,  with  which  we  are  mainly  concerned  in 
this  paper,  have  the  following  characters: 
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i.  The  earliest  stage  of  the  trophozoite  is  amoeboid. 

2.  Spore  formation  usually  begins  at  an  early  period  and  con- 
tinues during  the  growth  of  the  trophozoite. 

3.  The  spores  are  produced  endogenously. 

4.  Each  spore  possess  one  or  more  polar  capsules. 

There  are  two  suborders  of  the  Myxosporidia,  mainly  separable 
on  spore  characters.    These  are: 

Suborder  I  Phaenocystes  (Gurley)  =  Myxosporicfia  sens,  str., 
with  large  bilaterally  sjrmmetrical  spores  having  two  or  four  polar 
capsules  which  are  plainly  visible  in  the  fresh  state.  Two  spores 
are  formed  in  each  pansporoblast. 

Suborder  11  Cryptocystes  (Gurley)  =  Microsporidia  (Bal- 
biani),  with  minute  pyriform  or  oval  spores  having  one  polar 
capsule,  which  is  visible  only  after  treatment  with  reagents  such 
as  weak  HNOs,  and  in  some  cases  not  even  then.  One  (Nosema), 
or  more  than  two  spores  are  formed  in  each  pansporoblast. 

The  Protozoan  parasites  of  Simulium  larvae  all  (with  the 
exception  of  an  undetermined  Gregarine)  fall  into  the  second  of 
these  sub-orders,  namely  the  Microsporidia  of  Balbiani. 

TYPICAL  LIFE  CYCLE  OF  A  MICROSPORIDLAN 

The  Microsporidian  genera  are  distinguished  entirely  by  their 
mode  of  development,  and  largely  by  the  final  stage,  i.e.,  sporu- 
lation.  A  brief  account  of  the  development  and  means  of  infec- 
tion of  these  parasites  will  be  useful  before  we  pass  to  the  generic 
classification. 

Stage  I:  The  germ.  This  name  is  applied  to  the  minute  amoe- 
boid, motile  body  which  is  liberated  in  the  alimentary  canal  of 
its  host  from  a  spore  which  has  been  taken  in  with  food.  At  the 
time  of  liberation  the  germ  has  either  one  or  two  nuclei.  In  the 
latter  case  the  two  nuclei  soon  fuse.  A  minute  vacuole  is  also 
sometimes  present  (Stempell  '09).  The  germ  passes  between  the 
epithelial  cells  of  the  gut  and  so  reaches  the  blood  sinuses.  It 
is  now  termed  a  'planont.' 

Stage  II:  The  planont.  This  body  is  also  minute  and  neither 
this  nor  the  preceding  stage  have  been  actually  found  in  the 
great  majority  of  described  Microsporidia.    The  best  account  is 
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that  given  by  Stempell  ('09)  of  Nosema  bombycis  Nag.  Owing 
to  their  intercellular  life  the  planonts  are  readily  distinguished 
from  the  following  stages  which  are  intracellular.  They  measure 
(in  N.  bombycis)  from  0.5  to  1.5/x  in  length  and  are  bullet- 
shaped,  but  have  sufficient  amoeboid  movement  to  enable  them 
to  spread  ovef  the  body.  Under  favorable  conditions  the  nuclei 
can  be  seen.  Division  occurs  in  this  stage,  often  quite  actively 
so  that  masses  of  these  minute  organisms  are  seen. 
Stage  III:  the  meront  The  planont  enters  a  cell  and  at  once 
i  loses  its  motility,  becoming  spherical  or  oval.     In  this  stage 

I  division  of  the  nucleus  is  rapid.     In  certain  genera  each  division 

I  of  the  nucleus  is  accompanied  by  a  division  of  the  protoplasm 

so  that  numerous  meronts  are  formed.  In  other  genera  the 
•  nucleus  divides  independently  of  the  protoplasm  so  that  a  multi- 
nucleate body  is  formed,  which  may  attain  considerable  dimen- 
sions. This  body  is  usually  termed  a  'myxosporidium'  or  'tro- 
phozoite.' The  typical  myxosporidium  consists  of  a  very  clear 
I  ectoplasm  surrounding  a  granular  entoplasm.    The  former  may 

I  be  capable  of  throwing  out  pseudopodium-like  processes  which 

are  used  only  as  locomotor  organs.    Most  often  the  myxosporid- 
ium is  sessile,  and  in  some  genera  is  capable  of  encystment.    The 
I  entoplasm  is  coarsely  granular  and  sometimes  slightly  yellowish. 

It  contains  numerous  rapidly  dividing  nuclei  and  in  addition 
may  possess  fat  globules,  pigments  and  one  or  more  vacuoles. 
In  the  genus  Nosema,  where  the  meronts  are  numerous  and  uni- 
nucleate, each  of  them  matures  directly  into  a  'spore,'  but  in 
all  the  other  genera  there  are  intermediate  stages  betwefen  the 
meronts  and  spores.  During  the  meront  stage  the  parasite  usu- 
ually  breaks  down  the  cell  of  the  host  in  which  it  was  formed 
from  the  planont,  and  lives  for  the  remainder  of  its  life  as  an 
intercellular  parasite. 

Stage  IV:  sporont.     A  small  clearly  defined  sphere  of  proto- 
plasm collects  around  each  of  the  nuclei  and  its  peripheral  layer 
condenses  to  form  a  delicate  envelope.     The  subsequent  devel- 
'  opment  of  the  sporont  varies  in  different  genera  and  species. 

Mercier  ('08)  interpreted  the  subsequent  developmental  stages 
in  Th^lohania  giardi  Henn.  as  follows:    The  indefinite  nucleus 
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is  purified  by  the  rejection  of  part  of  the  chromatin  of  which  it 
is  constituted.  The  remaining  chromatic  matter  fuses  to  form 
a  ring-shaped  nucleus  which  imdergoes  a  division  intermediate 
between  mitosis  and  amitosis.  The  protoplasm  also  divides  to 
form  two  uninucleate  bodies.  Both  of  these  undergo  two  sub- 
sequent and  similar  divisions  within  the  membrane  Df  the  sporont, 
so  that  the  latter,  which  is  now  termed  a  'pansporoblast'  contains 
eight  similar  bodies  or  'sporoblasts/  together  with  a  small  quan- 
tity of  rejected  chromatic  matter. 

Stage  V:  sporoblast  These  eight  bodies  assume  a  pyramidoi- 
dal  shape  and  their  nuclei  undergo  a  somewhat  complicated  divis- 
ion, at  the  end  of  which  the  sporoblasts  contain  three  nuclei 
surrounded  by  a  dense  cytoplasmic  mass.  A  circular  vacuole 
appears  within  the  cytoplasm  and  rapidly  increases  in  volume. 
One  of  the  nuclei  is  attached  to  the  vacuole.  The  latter  becomes 
pyriform  in  shape  and  the  narrowed  end  comes  in  contact  with 
the  surrounding  envelope  of  the  sporoblast.  This  vacuole  is 
the  'polar  capsule'  and  at  the  point  where  it  comes  in  contact 
with  the  envelope,  a  coiled  up,  evaginable  filament  is  formed 
within  it.  In  all  of  the  forms  I  have  examined  there  are  two  vac- 
uoles, the  first  of  which  travels  to  one  end  of  the  somewhat  ellii>- 
tical  spore  and  entirely  replaces  the  cytoplasm  of  this  region  to 
form  the  vacuole  of  the  spore.  The  pyriform  polar  capsule  is 
subsequently  formed  at  the  opposite  end  of  the  spore,  where 
its  location  is  not  very  evident  on  accoimt  of  its  being  surrounded 
by  the  cytoplasm.  It  may  however  increase  considerably  in 
size  so*  that  it  projects  far  into  the  vacuole. 

Stage  VI:  spore.  At  the  time  when  this  internal  maturation 
has  been  accomplished,  a  very  thick,  though  remarkably  trans- 
parent shell  has  been  formed  aroimd  the  sporont  which  is  thus 
converted  into  a  'spore,'  strongly  resistent  to  all  external  condi- 
tions. •  There  is  a  single  minute  pore  in  this  shell  situated  oppo- 
site the  point  of  contact  with  the  narrowed  end  of  the  polar 
capsule,  and  therefore  in  communication  with  the  base  of  the 
filament.  The  spore  thus  consists  of  a  very  resistant  trans- 
parent shell  containing  a  single  polar  capsule,  in  which  is  a  coiled 
evaginable  thread.     Surrounding  the  base  of  this  capsule  is  a 
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collar-like  mass  of  protoplasm  containing  either  two  or  four 
nuclei,  while  the  apex  projects  into  a  large  vacuole  occupying 
almost  half  of  the  area  of  the  spore.  Both  Mercier  ('08)  and  Stemp- 
ell  ('09)  find  that  in  T.  girardi  Henn.  and  N.  bombycis 
Nag.  respectively  there  are  two  minute  nuclei  attached  to  the 
shell  and  one  similarly  minute  nucleus  attached  to  the  polar  cap- 
sule. 

By  means  of  these  spores  the  disease  is  disseminated  among 
new  hosts.  Where  the  parasite  infects  the  epitheUal  cells  of 
the  gut  and  other  excretory  oi^ans  the  spores  escape  into  the  ali- 
mentary tract  and  are  passed  out  of  the  body  with  the  faeces. 
If  other  organs  form  the  seat  of  attack  the  spores  are  Uberated, 
either  by  forming  a  tumor  through  the  blunting  of  which  they 
escape,  or  they  await  the  death  and  subsequent  decay  of  their 
host.  Pasteur  ('70)  showed,  in  the  case  of  the  p^brine  of  silk- 
worms that  the  spores  can  pass  into  the  ovary  and.  thus  spread 
the  disease  by  infecting  the  eggs.  If  the  host  is  aquatic,  as  is 
most  often  the  case,  the  spores  fall  to  the  bottom  of  the  water, 
and  there  remain  unchanged  till  taken  into  the  alimentary  tract 
of  a  new  host,  while  in  terrestrial  hosts,  as  in  the  silk-worm,  the 
spores  are  scattered  in  the  faeces  of  infected  larvae  and  thus  con- 
taminate the  food  on  which  the  healthy  larvae  are  feeding. 

As  soon  as  the  spores  reach  the  foregut  of  a  new  host,  the 
digestive  juices  set  up  intrasporal  pressure  either  by  causing 
the  shell  to  contract,  or  by  passing  through  it  by  osmosis,  which 
contracts  the  polar  capsule  and  thus  ejects  the  spirally  coiled 
filament  through  the  pore  in  the  spore  shell.  Stempell  ('09) 
points  out  that  the  filament,  owing  to  the  manner  in  which  it  is 
ejected,  evidently  consists  of  a  hollow  tube  which  is  everted 
when  it  protrudes  from  the  spore.  The  filament  is  often  very 
long,  that  of  the  spore  of  [Nosema]  Glugea  simulii  Lutz  and 
Splendore  ('08)  and  of  Glugea  fibrata  sp.  nov.,  which  I  have 
recently  found  in  Simulium  larvae,  being  thirty  to  forty  times 
the  length  of  its  parent  spore.  The  function  of  this  filament 
has  been  the  subject  of  much  discussion.  It  was  first  discovered 
by  Balbiani  in  1863,  when  he  attributed  to  it  a  function  similar 
to  that  of  the  antherozoid  of  the  Cryptogams.     In  1882  Biitschli 
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drew  attention  to  the  similarity  between  the  polar  capsule  and 
its  contained  filament  to  the  nematocysts  of  coelenterates.  He, 
however,  did  not  assign  to  it  a  similar  urticating  fimction,  but 
suggested  the  now  generally  accepted  theory  that  the  filament 
serves  to  attach  the  spore  to  new  hosts  or  to  their  food.  It 
should,  however  be  borne  in  mind  that  the  filament,  so  far  as 
known,  is  not  evaginated  till  the  spore  has  been  taken  into  the 
gut  of  a  new  host,  a  fact  which  appears  to  lessen  considerably, 
if  not  to  entirely  nullify  the  use  of  this  organ,  if  its  function  be 
such  as  Biitschli  surmised.  The  filament  is  soon  detached  from 
the  spore,  leaving  a  small  opening  in  the  shell  through  which 
the  binucleate  cytoplasmic  contents  escape.  Stempell  ('09)  finds 
that  in  N.  bombycis,  where  four  nuclei  are  present  in  the  spore, 
only  two  of  them  pass  out  of  the  shell  with  cytoplasm,  the  other 
pair  remaining  behind  and  degenerating.  The  small*  free  body 
thus  liberated  is  the  germ,  and  its  nuclei  soon  fuse  to  form  the 
single  nucleus  of  the  planont. 

CLASSIFICATION  OF  THE  MICROSPORIDIA 

Stempell  '09  has  recently  revised  the  classification  of  the 
Microsporidia  as  follows: 

Family  1:  Nosematidae.  The  vegetative  stage  is  intracellu- 
lar and  consists  of  unicellular  dividing  meronts. 

a.  Genus  Nosema  (Nageli  '57).  Each  meront  gives  rise  to 
a  single  spore. 

6.  Genus  Thelohania  (Henneguy  and  Th61ohan  '92).  Each 
meront  gives  rise  through  a  sporont  to  eight  spores. 

c.  Genus  Gurleya  (Doflein  '98).  Each  meront  gives  rise 
through  a  sporont  to  four  spores. 

Family  2:  Pleistophoridae.  The  completely  mature  vegetative 
stage  consists  of  multicellular,  often  amoeboid,  motile  meronts. 

a.  Genus  Pleistophora  (Gurley  '93).  The  vegetative  stage 
passes  into  rounded  sporonts  from  which  many  spores  arise. 

6.  Genus  Maronia  (Stempell  '09).  Spores  arise  through 
endogenous  budding  within  the  protoplasm  of  the  amoeboid 
vegetative  stage. 
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c.  Genus  Myxocystis.  (Mrazek  '97).  Spores  arise  through  en- 
dogenous budding  within  the  protoplasm  of  the  vegetative  stage 
whose  ectoplasm  consists  of  motionless  cilia. 

Family  3:  Glugeidae,  The  vegetative  stage  is  multinuclear 
and  motionless,  remaining  undivided  and  encysted.  Sporonts 
arise  in  it  by  endogenous  budding. 


ruji3P0ff£S 


Text  fig.  2    Diagram  showing  Ufe  cycles  of  Microsporidian  genera 


a.  Genus  Glugea  (Th^lohan  '91).  The  number  of  spores 
formed  from  a  sporont  is  variable. 

h.  Genus  Duboscquia.  (P6rez  '08).  The  number  of  spores 
formed  from  a  sporont  is  sixteen. 

For  the  sake  of  making  clear  the  life-histories  of  these  various 
genera  of  Microsporidia  as  conceived  by  Stempell  I  have  con- 
structed the  accompanying  diagram  (fig.  2). 
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GENERAL  HOST  RELATIONSHIPS  OF  THE  MICROSPORIDIA 

By  far  the  greater  number  of  known  cases  of  Microsporidian 
infection  have  been  recorded  from  fish,  though  infection  of  crusta- 
ceans, particularly  of  crabs,  is  not  infrequent.  In  insects  about 
forty  cases  of  infection  have  been  recorded.  A  great  number  of 
the  descriptions,  however,  are  very  incomplete.  All  tissues  of 
the  host  are  Uable  to  be  the  seat  of  infection,  though  in  fish  the 
muscles  are  the  most  favorable,  while  in  insects  the  fat  body 
^usually  suffers. 

The  tissue-infecting  forms  fall  into  two  categories:  (1)  Con- 
centrated, in  which  the  adjacent  tissues  form  a  membrane  around 
the  trophozoite,  or  the  trophozoite  itself  is  limited  by  a  definite 
membrane;  (2)  Diffuse,  in  which  the  protoplasm  of  the  parasite 
and  host  cells  becomes  indistinguishably  mingled,  till  the  tis- 
sue is  found  to  be  infiltrated  with  vast  numbers  of  spores 
(Nosematidae). 

As  a  general  rule,  infection  by  these  parasites  is  not  fatal  to 
the  host  though  its  vitality  is  much  impaired.  When  larvae  of 
insects  are  infected  the  parasite  is  often  able  to  pass  over  into  the 
adult  and  in  the  case  of  p^brine  is  capable  of  infecting  the  ova, 
so  that  the  disease  is  transmitted  to  the  next  generation. 

Insect  hosts  of  Microsporidia 

The  following  list  of  the  insect  hosts  of  Microsporidia  is  par- 
tially adapted  from  Minchen's  work  ('03)  on  Sporozoon  hosts, 
with  additions  from  more  recent  literature.  Doubtful,  or  incom- 
pletely described  forms  have  been  in  most  cases  omitted. 

DiPTBBA 

Anopheles  maculipennis,  larva Thelokania  legeri  Hesse  ('04) 

Chifonomua  sp.,  larva Noaema  ckironami  L.  and  S.  ('08) 

Corethra  sp.,  larva Nosenta  corethrae  L.  and  S.  ('08) 

Limnopkila  rhomhiaf  larva Thelokania  janis  Hesse  (*03) 

Pachyrhina  pratenaia,  larva Glugea  atricta  Mons 

Simulium  ornatunif  larva Glugea  varians  Leg^r  (W) 

Simylium  veniiaiumf  larva [Nosema]  Gltigea  aimulii  L.  and  S.  COS) 

Simttlium  ochranum,  larva [Nosema]  Glugea  simulii  L.  and  S.  C06) 

Simulium  bracieatum,  larval  /  Glugea  bracteaia  sp.  nov. 

Simulium  hirtipes,  laxvh      f  \  Glugea  fibraia  ap.  noY, 

Simulium  vittatum,  larva Glugea  muliiepora  sp.  nov. 

Siegomyia  fa^ciata,  larva  and  adult  Nosema  sp.  Simond  C03) 

Stegomyia  fasciataf*&d\i\t Nosema  stegomyiae  L.  and  S.  ('08) 

Tanypus  variu^,  larva Thelohana  pinguis  Hesse  ('03) 
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Lepidoptera 

Bombyz  mori,  all  instars Nosema  hombycis  Nag. 

Catopsila  eubule,  larva Glugea  eubulia  L.  and  S. 

Danais  erippe,  larva Olugea  erippe  L.  and  S. 

Danais  gelippus,  larva Olugea  erippe  L.  and  S. 

Diono  Juno  larva Glugea  janoris  Los. 

Ephialtes  angvlosa]  adult Nosema  ephialtis  L.  and  S.  ('08) 

Gastropkilus  neustriay  larva Nosema  hombyds  Nag. 

Lophocampa  flavosticoy  larva Glugea  lopkocampae  L.  and  S. 

Mechanitis  lysimniay  larva Glugea  lysimniae  L.  and  S. 

Scea  auriflamma,  adult Nosema  auriflammae  L.  and  S.  ('08) 

COLBOPTERA 

Balaninus  amaryllis,  larva Glugea  stempelli  P^rez  ('05) 

Otiorhynchus  fuscipeSy  larva Mycetoaporidium  talpi  Leg^r  and  . 

Hesse  ('05) 
Orthoptera 

Periplaneta  americana, Glugea  periplanetae  L.  and  S. 

Vermes  lucifugus Duboscquia  legeri  P6rez  ('08) 

Nburoptbra 

Ephemerella  ignila Gurleya  legeri  Hesse  ('03) 

MATERIAL  AND  METHODS  OF  STUDY 

Simulium  larvae  from  infested  streams  were  frequently  col- 
lected and  brought  to  the  laboratory,  but  since  parasitised  larvae 
could  never  be  kept  alive  for  much  longer  than  over  night,  the 
majority  were  killed  at  once,  a  few  being  kept  for  dissection. 

Killing  for  sectioning.  The  best  fluid  for  this  purpose  proved 
to  be  one  recommended  by  W.  Kahle  ('08)  which  is  made  up  as 
follows:  water,  30  parts;  96  per  cent  alcohol,  15  parts;  40  per  cent 
formalin,  6  parts;  glacial  acetic  acid,  1  part. 

A  fluid  recommended  by  Stempell  ('09)  consisting  of  corrosive 
sublimate  (saturated  aqueous  solution)  2  parts;  95  per  cent 
alcohol,  1  part;  and  a  trace  of  acetic  acid,  also  gave  good  results, 
but  for  subsequent  staining  with  iron  haematoxylin  was  inferior 
to  Kahle's  fluid.  Either  fluid  was  used  by  being  brought  to  a 
temperature  of  about  70®  C,  when  the  larva  was  immersed  and 
allowed  to  remain  in  the  cooling  fluid  for  about  fifteen  minutes. 
To  insure  penetration  the  larval  skin  was  punctured  with  a  fine 
needle  as  soon  after  death  as  possible. 

Killing  for  smear  preparations.  Kahle's  fluid  poured  over  the 
smear  gave  good  results,  but  a  method  recommended  by  Perrin 
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I  f  ♦ 

I  '06  for  Pleistophora  periplanetae  proved  somewhat  superior  be- 

I  fore  staining  with  an  eosin-azure  mixture.    With  this  method  a 

!  smear  is  made  on  a  cover  glass  and  allowed  to  dry.     It  is  then 

immersed  in  absolute  alcohol  for  ten  minutes  and  again  dried. 
Perrin  then  stained  over  night  in  one  of  Giemsa's  preparations, 
after  which  the  slide  was  washed,  dipped  for  a  moment  in  absolute 
alcohol,  rewashed  and  moimted  in  cedar  oil. 

Stains.  For  general  histological  purposes  Heidenhain's  iron 
haematoxylin  in  combination  with  orange-G  proved  to  be  the 
most  satisfactory.  This  combination,  however,  is  almost  useless 
for  studying  the  nuclear  matter  of  the  spores,  for  the  cytoplasm 
takes  up  the  haematoxylin  as  readily  as  does  the  nuclear  matter 
and  it  cannot  be  again  washed  out.  The  usual  stain  for  this 
purpose  is  Giemsa's  'Eosinazur'  stain.  The  blue  of  this  mixture 
'  however  proved  to  be  too  intense.     Other  Giemsa  preparations 

were  not  altogether  satisfactory  and  T  finally  found  it  preferable 
I  to  stain  separately  with  azure  ii  and  eosin  A.G.  and  to  diflfer- 

!  entiate  by  overstaining  with  a  0.8  per  cent  aqueous  solution  of 

azure  ii,  rapidly  washing  with  water  and  then  dehydrating.  The 
absolute  alcohol  contains  a  saturated  solution  of  eosin  and  the 
slide  can  be  left  in  it  for  about  five  minutes  after  which  it  is 
immersed  in  xylol  and  examined  in  it  as  a  medium.  The  nuclei 
of  the  spores  have  a  strong  affinity  for  eosin  which  can  be  readily 
washed  out  of  the  other  tissues  with  water.  If  the  blue  be  too 
intense  it  can  be  washed  out  in  alcohol.  By  overstaining  with 
both  azure  and  eosin  and  bearing  in  mind  that  the  former  can  be 
washed  out  most  readily  with  alcohol  and  the  latter  with  water, 
one  can,  with  a  little  practice,  get  both  stains  nearly  counter- 
balanced. 

THE  MICROSPORIDIAN  AND  OTHER  PARASITES  OF  SIMULIUM 

LARVAE 

The  earliest  account  of  a  Microsporidian  parasite  of  Simulium 
larvae  that  I  have  been  able  to  trace  was  that  of  L^ger  '97.  He 
describes  a  Glugeid,  G.varians,  parasitising  the  larvae  of  S. 
ornatum,  a  species  common  in  France.  In  1904  Lutz  and 
Splendore  described  various  forms  of  Glugeids  found  in  the  lar\''ae 
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of  S.  venuEjtum  and  S.  ochracenm.  In  a  further  discussion  of 
these  forms  in  1908,  they  regarded  them  all  as  varieties  of  one 
species,  which  they  designate  as  Nosema  simulii.  The  locaUty 
in  which  this  presumably  South  American  species  was  taken  is 
not  stated.  In  a  subsequent  paper  by  Lutz  ('09)  on  the  SimuHdae 
of  Brazil,  he  mentions  the  presence  of  Nosema  sp.  in  the  larvae 
but  gives  no  details.  The  only  other  account  seems  to  be  the 
the  one  which  I  published  in  1911.  In  that  I  described  the 
external  appearance  of  the  spores  of  several  undetermined  species 
which  infest  the  larvae  of  S.  hirtipes  and  an  undescribed  SiAulium 
larva  common  in  the  streams  in  the  vicinity  of  Boston,  Massa- 
chusetts. 

During  the  fall  of  1911  I  found  three  further  well-marked 
forms  in  the  SimuUum  larvae  of  the  same  locality.  One  of  these 
resembles  the  form  described  by  L^ger.  His  description,  how- 
ever, is  very  short  and  is  not  accompanied  by  figures.  The  fila- 
ment of  the  American  species  is  about  twice  as  long  as  that  of 
G..varians.  Another  form  resembles  somewhat  Lutz  and  Splen- 
dbre's  figures  of  [Nosema]  Gluguea  simulii  but  here  again  the 
filament  of  the  latter  species  is  about  six  times  the  relative  length 
of  the  American  species.  Probably,  with  a  fuller  account  of 
the  development  of  these  exotic  species,  other  differences  would 
be  found,  especially  in  the  case  of  G.  varians,  for  it  is  unlikely 
that  the  same  species  of  Microsporidian  should  occur  in  both 
hemispheres  parasitising  larvae  of  such  speciaUzed  and  confined 
habitats  as  those  of  Simulium.  It  is  true  that  this  genus  of 
Diptera  is  cosmopoUtan  and  is  recorded  by  Griinberg  ('07)  as 
occiuring  even  in  Lapland  and  Greenland,  but  since  none  of 
the  European  species  has  been  recorded  from  America  it  is  very 
unlikely  that  their  parasites,  which  also  occur  in  both  hemispheres, 
should  be  but  varieties  of  the  same  species. 

The  Microspd^jjian  species  under  consideration  apparently 
all  fall  into  the  genus  Glugea  as  defined  by  Th61ohan  ('91).  In 
1892  Henneguy  erected  the  genus  Thelohania  of  which  I  have 
been  unable  to  obtain  the  original  description.  The  sporula- 
tion  of  the  species  I  have  described  as  Glugea  bracteata  is 
typical  of  the  genus  Thelohania  according  to  Gurley's   ('94) 
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interpretation,  which,  from  the  same  writer's  modified  definition 
of  Glugea,  debars  it  from  this  genus.  The  early  stages  are  how- 
ever typically  Glugeid  so  that  I  have  provisionally  placed  the 
species  in  this  genus.  I  shall  discuss  this  more  fully  after  describ- 
ing the  species. 

During  February,  1912,  I  found  a  species  of  Glugea  infesting 
the  larvae  of  Simulium  sp.  in  streams  aroimd  Port  of  Spain, 
Trinidad,  B.W.T.  The  spore  formation  in  this  species  was  poly- 
sporic  in  which  respect  it  resembled  S.  multispora,  of  which  a 
description  is  given  further  on  in  this  paper.  This  species  was 
not  abundant,  although  I  foimd  some  half-dozen  infected  larvae. 

Other  parasites  which  I  have  found  infesting  Simulium  larvae 
in  the  neighborhood  of  Boston  are  a  nemathelminth  belonging 
to,  or  near,  the  genus  Mermis,  which,  during  the  spring  of  1911, 
parasitised  some  25  per  cent  of  the  larvae  of  the  streams  in  which 
it  occurred.  As  pointed  out  in  my  former  paper  ('11)  on  this 
parasite,  its  presence  is  fatal  to  the  host  in  every  case.  I  have 
since  found  that  the  presence  of  these  worms  in  Simulium  lar- 
vae was  also  mentioned  by  Lutz  ('09)  in  his  work  on  Brazilian 
species  of  the  genus. 

During  the  fall  of  1911  another  parasite  was  found  infesting 
the  majority  of  larvae  in  certain  streams  and,  as  I  shall  show, 
its  presence  is  evidently  fatal  to  the  host.  I  sent  preparations 
of  this  parasite  to  Professor  Calkins,  and  he  informs  me  that 
it  is  probably  a  species  of  Gregarine.  I  have  not  studied  it  in 
detail  and  shall  confine  my  remarks  in  the  sequel  to  its  general 
appearance  and  its  effect  on  its  host. 

GLUGEA  BRACTEATA  SP.  NOV.:   (Plate  2) 

Macroscopic  appearance.  In  later  stages  this  parasite  is  present 
in  the  body  cavity  of  its  host  as  a  large  irregular  white  mass, 
sometime  measuring  as  much  as  2  mm.  in  length.  This  mass 
may  consist  of  one  very  large,  or  several  smaller  myxosporidia 
which  together  only  occupy  as  much  space  as  does  the  single 
large  myxosporidium.  It  is  usually  confined  to  the  posterior 
portion  of  the  abdomen,  which  becomes  much  distended,  owing 
to  the  large  mass  of  the  parasites  which  is  most  voluminous 
latero-ventrally  to  the  alimentary  canal  (pi.  2,  fig.  1). 
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Microscopic  structure.  If  a  portion  of  one  of  these  milk  white 
masses  be  dissected  and  placed  in  a  drop  of  water  under  a  <;over 
glass  it  will  be  seen  with  the  high  power  of  a  microscope  to 
consist  of  many  different  minute  bodies,  the  most  abundant  in 
late  stages  being  small  aggregates  of  eight  short-oval  spoifes 
(pi.  2,  fig.  11).  If  the  cover  glass  be  gently  pressed  these  aggre- 
gates will  open  up  and  take  on  an  appearance  like  that  shown 
in  plate  2,  figure  12.  By  gently  rolUng  these  aggregates  between 
the  cover  glass  and  the  sUde  they  can  be  broken  up  and  the  now 
separated  spores  are  seen  to  be  nearly  uniform  in  size,  short 
elUptical  in  shape  and  to  measure  about  3m  x  2.5  —  2.7m.  If 
weak  iodine  solution  be  added  to  the  water  in  which  they  are  float- 
ing a  few  of  them  will  eject  a  short  filament* measuring  about  six 
times  the  length  of  the  spore  (pi.  2,  fig.  18). 

Life  history.  In  order  to  trace  the  developmental  stages  of  this 
parasite,  sections  not  over  5m  thick  must  be  prepared  and  stained, 
preferably  with  iron  haematoxylin  and  orange-G.  The  earliest 
stages,  viz.,  the  planont  and  early  meront,  are  still  unknown, 
but  I  shall  attempt  to  trace  their  conjectural  development  in  a 
later  paragraph*. 

Myxosporidium.  At  the  time  of  discovery  of  the  parasite  the 
mass  of  meronts,  or,  as  this  is  now  better  termed,  the  myxo- 
sporidium, consisted  of  a  multinucleate  mass  of  protoplasm  meas- 
uring some  2  to  3  nun.  in  length,  in  which  no  definite  ectoplasm 
and  endoplasm  could  be  distinguished.  The  central,  and  larger, 
portion  of  the  myxosporidium  had  already  sporulated  and  con- 
tained ripe  spores;  surrounding  this  area  were  all  stages  of  devel- 
opment up  to  the  as  yet  almost  undifferentiated  thin  layer  of 
protoplasm  which  still  persisted  around  the  edges  of  certain  parts 
of  the  mass  and  represented  all  that  was  left  of  the  true  meront 
stage.  In  the  stained  section  there  is  a  very  definite  differen- 
tiation between  the  ripe  spores  and  the  early  stages,  for  the 
former  stain  very  intensely  with  haematoxylin,  whereas  the  lat- 
ter are  left  practically  imstained  by  this,  though  showing  a 
marked  affinity  for  the  orange-G,  so  that  the  section  takes  on 
the  characteristic  appearance  shown  in  plate  2,  figui;^  2. 

Sporonts.  These  are  typically  formed  by  the  condensation  of 
the  myxoplasm  around  the  numerous  nuclei  of  the  myxosporid- 
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ium  and  this  results  in  the  formation  of  small  globular  bodies, 
arounti  which  the  protoplasm  hardens  to  form  a  fine  constricting 
membrane  (pi.  2,  figs.  3  and  5).  At  times,  however,  they  appear 
to  be  budded  oflf  from  the  peripheral  mjrxoplasm  toward  the  center 
of  the  mass,  as  shown  in  plate  2,  figure  4.  In  either  case  the 
resulting  sporont  is  the  same,  consisting  of  a  spherical  body  mes- 
luing  about  5.8/*  in  diameter.  In  this  and  in  all  subsequent 
stages  up  to  that  of  the  spore  it  is  extremely  difiicult  to  stain 
the  nucleus,  for  the  various  nuclear  stains  tried  washed  out  of 
the  chromatic  material  almost  if  not  quite  as  readily  as  out  of 
the  protoplasm.  Development,  however,  seems  to  progress  some- 
what along  the  following  lines:  The  nuclear  matter  is  at  first 
diffuse  and  may  im*dergo  depuration,  for  in  some  cases  small 
granules  of  more  deeply  staining  chromatic  matter  can  be  seen 
near  the  surrounding  cell  membrane.  The  sporont  continues 
to  grows  till  it  reaches  a  diameter  of  nearly  lO/x  at  which  period  it 
becomes  evident  that  the  the  nucleus  has  undergone  three  suc- 
cessive binary  divisions,  since  in  medium  sized  sporonts  Jhere 
are  indications  of  four  masses  of  chromatic  matter  (pi.  2,  fig.  G) 
while  in  the  largest  there  are  eight  readily  visible  globular  bodies 
(pi.  2,  fig.  7).  When  these  ripe  sporonts  are  dissected  out,  their 
constricting  membrane  at  first  still  siuroimds  the  eight  con- 
tained sporoblasts,  for  such  are  the  globular  bodies  within  them. 
Very  soon,  however,  this  membrane  splits  and  liberates  the  small 
aggregate  of  sporoblasts  (pi.  2,  figs.  9  and  10),  which  now  readily 
stain  and  show  a  dense  central  mass  with  a  strong  aflSnity  for 
haematoxylin.  The  now  detached  membrane  (fig.  8)  is  seen  to 
contain  a  little  surplus  protoplasm  and  also  often  a  few  grains 
of  chromatic  material.  Normally,  however,  this  membrane  per- 
sists till  the. complete  spores  are  formed,  when  it  dissolves,  as 
I  infer  from  the  fact  that  in  none  of  the  sections  were  th^re 
detached  membranes  among  the  liberated  spores. 

Sporoblasts.  The  mature  sporoblast  measures  about  3m  in 
diameter.  Its  nuclear  matter  could  not  be  differentiated  by  any 
of  the  stains  used,  but  the  protoplasm  stained  deeply  with  haema- 
toxylin (pi.  2,  fig.  10).  As  the  sporoblast  matures,  a  vacuole 
appears  in  the  center  of  the  protoplasm  (fig.  13)  and  travels 
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towards  the  periphery;  the  protoplasm  meanwhile  becomes  more 
condensed  on  the  side  of  the  vacuole  which  is  farthest  from  the 
periphery  of  the  sporoblast.  At  the  same  time  the  cell  assumes 
a  more  elliptical  form  and  its  superficial  layer  becomes  differen- 
tiated into  a  very  transparent  thick  shell. 

Spores.  The  sporoblasts  have  now  been  transformed  into 
spores.  These  are  short  elliptical  bodies,  somewhat  truncate  at 
the  ends,  measuring  about  3/*  x  2.5  —  2.7/*  (pi.  2,  figs.  14  to  17  and 
21  to  24).  They  still  remain  attached  to  one  another  in  aggre- 
gates of  eight,  although  they  are  not  in  any  way  actually  united 
with  one  another.  In  size  and  shape  they  are  extremely  uni- 
form, though  I  have  observed  two  larger  spores  measuring  some 
8  X  5m.  As  the  occurrence  of  such  forms  is  extremely  rare  I  am 
inclined  to  consider  that  their  presence  is  due  to  some  abormality 
in  development.  In  a  fresh  state  the  spores  show  no  differentia- 
tion except  a  small  refractive  area  near  one  extreriiity.  This  is 
the  vacuole.  If  weak  iodine  solution  be  added  to  the  water 
in  which  the  spores  are  floating  the  inner  wall  of  the  very  thick 
shell  can  usually  be  seen,  while  in  a  very  few  cases  a  comparatively 
stout  filament,  some  six  times  the  length  of  the  spore,  is  extruded 
from  the  end  of  the  spore  farthest  from  the  vacuole.  Although 
undoubtedly  all  the  spores  are  capable  of  protruding  this  filament 
I  was  able  to  cause  them  to  do  so  in  considerably  less  than  one 
out  of  every  thousand  cases,  though  I  tried  many  of  the  usual 
reagents  for  the  purpose.  From  a  nuclear  study  I  am  inclined  to 
beUeve  that  the  spores  were  ilot  quite  ripe  and  that  this  accounted 
for  my  inabiUty  to  extrude  the  filament  in  more  cases.  As 
winter  approached  development  evidently  ceased,  and  spores 
dissected  out  of  larvae  and  kept  in  water  showed  no  signs  of  con- 
tinued development. 

For  studying  the  internal  structures  of  the  spores  the  most 
successful  stain  used  was  that  of  azure  II  and  eosin  A..  B.  as 
previously  described.  In  the  young  spore  the  nucleus  occupies 
the  extremity  of  the  cell  opposite  to  that  occupied  by  the 
vacuole.'  At  first  it  is  rather  diffuse  but  later  becomes  more 
concentrated  to  form  a  small  globular  body  (pi.  2,  fig.  14). 
Meanwhile  the  cytoplasm  becomes  still  further  condensed  till 
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it  is  drawn  away  from  the  walls  of  the  spore  around  the  equa- 
torial region  as  shown  in  figure  14,  etc.  With  iron  haematoxylin 
all  of  this  stains  very  deeply  and  uniformly  as  though  it  were 
^11  of  a  chromatic  nature,  and  it  would  seem  that  it  must  have 
been  to  some  similar  appearance  in  the  spore  of  Glugea  varians 
L^ger  that  Vaney  and  Conte  ('01)  referred  when  they  likened 
the  nucleus  of  this  species  to  a  double  T.  I  was  unable  to  find 
more  than  two  nuclei  in  these  spores.  In  the  spores  of  Thelo- 
hania  giardi  Mercier  ('08)  found  five  nuclei,  and  in  those  of 
I  Nosema  bombycis  Stempell  ('09)  found  four.     In  some  of  the 

specimens  there  were,  however,  indications  of  two  darker  specks 
I  one  on  each  side  of  the  vacuole  as  shown  in  figure  22.    These 

I  would  correspond  to  the  shell  nuclei  of  Stempell  ('09)  but  I  was 

I  unable  to  distinguish  any  red  coloration.    As  before  stated  it  is 

I  •       not  improbable  that  the  spores  were  immature,  and  it  is  quite 

;  possible  that  the  two  nuclei  I  was  able  to  demonstrate  imdergo  a 

[  further  division  before  maturation.     At  any  rate,  tliis  seemed  to 

I  be  the  case  in  the  spores  of  another  species  studied.    At  a  later 

stage  the  cytoplasm  is  once  more  pressed  back  againt  the  walls 
of  the  spore  (pi.  2,  figs.  16  and  23).  This  is  due  to  the  formation 
of  the  polar  capsule  within  this  area.  As  I  never  foimd  any 
evidence  of  this  structure  projecting  into  the  vacuole  I  have 
adapted  the  diagram  of  a  ripe  spore  of  N.  bombycis  as  given  by 
Stempell  C09)  to  the  form  as  shown  in  pi.  2,  figure  23.  Full 
details  of  its  growth  could  not  be  seen,  since  it  is  entirely  sur- 
rounded by  deeply  staining  protoplasm.  A  small  depression  in 
the  protoplasm  appears  between  the  two  nuclei,  at  the  end  of 
the  spore  opposite  to  the  vacuole,  which  increases  in  depth  imtil 
it  forms  a  pear-shaped  cavity  within  the  protoplasm.  In  an 
end  to  end  view  of  a  spore  it  is  seen  that  the  capsule  nearly  or 
quite  reaches  the  vacuole,  for  by  focussing  up  and  down  one  can 
see  right  through  the  spore  (fig.  17).  The  outline  of  the  capsule 
and  its  contained  filament  with  the  pore  in  the  shell  through 
which  it  is  ejected,  were  not  seen,  nor  in  stained  specimens  was 
the  filament  ever  found  attached  to  a  spore  as  depicted'  in  plate 
2,  figures  23  and  24.  These  and  accompanjdng  figures  of  the 
series  are  purely  diagrammatic.     The  filanient  is  readily  detached 
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from  the  spore  and  it  is  then  seen  that  its  base  is  considerably- 
swollen  to  a  knob-like  structure  (fig.  25). 

The  host  of  Glugea  bracteata  is  the  larva  of  Simulium  brac- 
teatum  and  SimuUum  hirtipes  (?).  It  infects  about  10  per  cent 
of  the  larvae.  T  have  found  this  parasite  only  in  the  Arnold 
Arboretum,  at  Forest  Hills,  Massachusetts. 

From  the  short  descriptions  of  [Nosema]  Glugea  simulii  by 
Lutz  and  Splendore  ('04  and  '08)  it  would  seem  that  Glugea 
bracteata  is  closely  related  to  the  octosporic  varieties  of  this  spec- 
ies. Although  it  is  stated  that  the  size  and  shape  of  the  spores 
of  this  form  are  very  variable,  the  one  figured  ('08)  is  almost 
identical  in  shape  with  those  found  in  G.  bracteata,  with  the 
exception  of  the  filament  which,  according  to  the  text,  is  some 
six  times  as  long  as  that  of  the  latter  species.  In  a  figure  of  an 
octosporic  pansporoblast,  also,  it  would  appear  that  the  panspor- 
oblast membrane  is  subpersistent,  although  no  statement  to  this 
effect  is  given  in  the  text.  From  the  descriptions  of  the  polysporic 
varieties,  which  were  not  figured,  it  is  evident  that,  if  these  all 
represent  the  spores  of  the  same  species,  it  must  be  extremely 
polymorphic,  for  the  extremes  of  variation  in  this  species  alone 
have  heretofore  been  considered  to  be  of  generic  value.  Should 
further  study  prove  conclusively  that  this  is  the  case  several  of 
our  now  accepted  genera  will  have  to  be  placed  in  synonomy. 

GLUGEA   FIBRATA    SP.    NOV.:   (Plate  3) 

Macroscopic  appearance.  In  later  stages  this  parasite  is  pres- 
ent in  the  body  cavity  of  its  host  as  several  large  irregular  milk 
white  masses,  which,  as  a  rule,  spread  through  the  entire  body 
thou^  they  are  most  voluminous  in  the  swollen  apex  of  the 
abdomen  (pi.  3,  fig.  1). 

Microscopic  structure.  If  a  portion  of  one  of  these  white  masses 
be  placed  in  a  drop  of  water  under  the  high  power  of  a  micro- 
scope it  will  be  seen  to  consist  of  several  different  bodies,  the 
most  abundant  of  which,  in  later  stages,  are  small  oval  spores. 
These  spores  are  all  separate  and  for  the  greater  part  nearly 
uniform  in  size,  measming  about  5.8  to  6.6/*  x  3.5/*.  Occasion- 
ally however  one  can  find  a  much  larger  spore  measuring  9  to 


Digitized  by 


Google 


72  E.    H.    STRICKLAND  * 

7.8/A  X  4.7  to  5.1m.  These  two  types  of  spores  are  termed  'micro- 
spores' and  'macrospores'  respectively.  If  weak  iodine  solution  be 
added  to  the  water  in  which  they  are  floating  a  greatly  attenuated 
filament  which  measures  about  170  to  220/*,  or  thirty  to  forty 
times  the  length  of  the  spore,  is  usually  projected  (pi.  3,  fig.  25.). 

Life  history.  This  can  be  determined  only  from  sections  about 
5m  thick.    The  early  stages  have  not  been  found. 

Myxosporidium.  The  parasite  at  the  time  of  discovery  was 
in  a  rather  advanced  state  of  sporulation.  No  differentiation 
into  ectoplasm  and  entoplasm  could  be  distinguished  in  the 
myxosporidium,  the  more  central  portions  of  which  had  for  the 
greater  part  sporulated.  In  stained  sections  there  was  no  sharp 
differentiation  between  the  developmental  st^es  and  the  spores 
as  was  the  case  with  Glugea  bracteata,  since  the  chromatic  mat- 
ter of  the  former  retained  the  haematoxylin  stain.  The  secre- 
tions, then,  have  the  characteristic  appearance  shown  in  plate 
3,  figures  2  and  3.  Around  the  periphery  of  the  myxosporidium 
the  myxoplasm  had  not  been  entirely  transformed  into  sporonts 
but  contained  numerous  small  masses  of  slightly  staining  gran- 
ular chromatin.  Many  of  these  apparently  free  nuclei  were  in 
a  state  of  division  (fig.  4),  which  appeared  to  be  typically  amitotic. 
Around  these  nuclei  a  slight  condensation  of  the  myxoplasm 
could  be  detected.  These  condensed  areas  became  globular  and 
were  finally  invested  with  a  delicate  membrane  (figs.  5  and  6) 
until  each  became  a  spherical  sporont  aboilt  5.5m  in  diameter. 

Sporonts.  The  nucleus  of  the  sporonts  becomes  very  irregular 
(pi.  3,  fig.  6)  and  apparently  undergoes  a  form  of  purification, 
for  in  some  cases  a  few  chromatin  grains  are  passed  out  to  the 
surface  of  the  cell  where  they  disintegrate.  The  nucleus  then 
assumes  a  more  definite  form  and  the  sporont  continues  to  grow 
until  it  measures  about  12m  in  diameter,  when  the  nucleus  again 
becomes  active  and  divides.  There  seem  to  be  two  forms  of 
division  at  this  stage.  In  one  the  nucleus  becomes  ring-shaped 
and  this  ring  draws  otit  as  shown  in  figures  7  and  8.  In  the  other 
the  globular  chromatic  mass  simply  divides  by  amitosis  to  form 
two  hemispherical  masses  as  shown  in  figures  10  and  11.  Each 
of  the  nuclei  thus  formed  redivides.     I  saw  this  division  only 
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twice  and  in  each  case  the  nuclear  matter  had  evidently  assumed 
a  ringlike  form  before  division  (fig.  12).  It  is  very  difficult  to 
trace  the  developmental  stages  beyond  this  point  until  the  sporo- 
blasts  are  in  process  of  formation,  since  all  the  maturation  stages 
are  progressing  simultaneously  in  such  a  small  area  that  they  are 
practically  inseparably,  and  tracing  the  individual  developmental 
stages  is  rendered  almost  impossible.  In  the  next  stage  that  I 
was  able  to  distinguish  with  any  certainty,  there  was  evidently 
a  third  nuclear  division  for  the  much  enlarged  sporont  contained 
eight  distinct  nuclei  (fig.  13). 

Sporoblasts.  The  wall  of  the  sporont  now  becomes  much  thick- 
ened and  indented  between  the  eight  regularly  spaced  nuclei 
(pi.  3,  fig.  14).  This  indentation  progresses  between  the  nuclei 
which  thus  become  surrounded  by  a  nearly  globular  mass  of 
cytoplasm  as  shown  in  figure  16,  which  represents  a  section  of 
one  of  these  bodies.  The  walls  gradually  meet  around  each  of 
these  eight  sporoblasts  and  the  aggregate  is  then  separated  to 
form  eight  free  spherical  sporoblasts  (fig.  17)  which  measure  at 
first  about  5.2/*  in  diameter  but  later  increase  somewhat  till  they 
measure  about  6.2/i. 

Spores.  The  sporoblasts  are  transformed  into  spores  by  a 
process  apparently  similar  to  that  described  for  G.  bracteata, 
except  that  in  this  case  the  spores  are  entirely  free  throughout 
the  whole  of  their  development.  The  spore  is  oval  in  shape, 
measuring  5.8  to  6!6m  x  3.5/*,  and  is  surrounded  by  a  very 
thick  transparent  shell.  At  the  broader  end  there  is  a  very 
large  vacuole,  plainly  visible  in  the  fresh  spore,  while  at  the 
smaller  end  is  a  mu<ch  smaller  vacuole  which  cannot  be  seen  in 
untreated  preparations.  The  nucleus  does  not  differentiate  so 
distinctly  in  the  spore  of  this  species  as  in  G.  bracteata,  though  I 
found  indications  of  it  as  a  minute  body  which  was  often  dividing 
or  already  divided  and  situated  just  above  the  smaller  vacuole 
(figs.  18  and  19).  On  one  occasi6n  each  of  the  two  nuclei  formed 
by  the  division  of  this  primary  nucleus  was  again  undergoing 
division  (fig.  20).  By  staining  deeply  with  haematoxyUn  the 
polar  capsule  is  sometimes  distinguishable,  projecting  through 
the  dense  protoplasm  into  the  large  vacuole  (fig  21).     The  dia- 
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gram  of  the  spore  can  be  constructed  as  shown  in  figure  26,  in 
which  the  four  nuclei,  as  yet  incompletely  divided,  are  indicated, 
while  the  polar  capsule,  projecting  far  into  the  vacuole,  contains 
the  greatly  elongated  coiled  filament.  This  filament,  when  ejected 
by  the  action  of  iodine,  attains  the  comparatively  enormous 
length  of  thirty  to  forty  times  that  of  the  spore  (pi.  3,  fig.  25). 
It  should  be  borne  in  mind  that,  as  Stempell  points  out,  this 
filament  must,  from  the  manner  in  which  it  is  ejected,  consist  of 
a  hollow  tube  which  has  to  be  entirely  everted  during  its  emer- 
gence from  the  spore!  When  it  first  appears  it  may  be  in  the 
form  of  a  loose  spiral  (fig.  23)  but  this  quickly  disappears  as  the 
filament  soon  straightens  out.  This  filament  is  not  so  readily 
separated  from  the  spore  as  is  that  of  G.  bracteata,  but  in  the 
few  cases  where  it  was  seen  to  be  detached  the  basal  portion  was 
swollen  up  into  a  knob  (fig.  24)  as  in  that  species.  In  all  the 
spores  in  which  the  filament  was  protruded  it  was  noticed  that 
the  spore  contents  lost  their  regularity.  I  was  unabl^  to  dif- 
ferentiate the  parts,  but  it  seemed  that  the  polar  capsule  shrank 
and  became  attached  to  one  side  of  the  spore,  while  the  proto- 
plasm and  nuclei  settled  down  into  a  small  area  at  the  narrow 
end  of  the  spore  (figs.  24  and  25). 

Macrospores.    These  were  not  numerous  among  the  typical 
microspores,  and  appeared  to  be  somewhat  abnormal,  for  the 
shell  was  much  thinner  than  that  of  the  microspores  (pi.  3,  fig.  ' 
22).    When  treated  with  iodine  none  of  them  was  seen  to  eject 
a  filament. 

This  species  of  Glugea  seems  to  be  related  to  G.  varians  L6ger 
(^97).  The  spores,  however,  are  somewhat  smaller  and  the  fil- 
ament is  proportionally  about  twice  as  long.  L6ger  and  Hagen- 
muller  ('08)  state  that  in  G.  varians  tEe  development  of  the  spores 
is  either  octosporic  or  polysporic.  This  does  not  appear  to  be 
the  case  with  G.  fibrata,  for  though  I  found  on  two  occasions 
16  sporoblasts  adhering  together,  this  did  not  have  the  appear- 
ance of  being  a  normal  condition. 

The  host  of  G.  fibrata  is  the  larva  of  Simulium  bracteatum 
and  Simulium  hirtipes  (?).  In  infests  about  5  per  cent  of  the 
larvae.  It  was  found  both  in  the  Arnold  Arboretum  and  in 
Franklin  Park,  at  Forest  Hills,  Massachusetts. 
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GLUGEA  MULTISPORA  SP.   NOV.:    (Plate  4) 

Macroscopic  appearance.  In  its  later  stages  this  parasite  is 
present  in  the  body  cavity  of  its  host  as  small  rounded  white 
masses  often  measuring  as  much  as  1  mm.  in  diameter.  There 
may  be  but  one  or  many  of  these  masses  scattered  irregulariy 
throughout  the  whole  body,  which  is  not  greatly  swollen  by 
their  presence  (pi.  9,  fig.  1).  ^  Where  there  is  only  one  it  is  not 
much  larger  than  the  more  volimiinous  masses  of  a  multiple 
infection,  and  since  it  does  not  then  distort  the  body  it  is  not 
very  readily  seen,  especially  as  the  skin  of  the  host  is  not  very 
transparent. 

Microscopic  structure.  If  a  small  quantity  of  one  of  these 
masses  be  placed  in  a  drop  of  water  under  a  cover  glass  it  is  seen, 
under  a  high  magnification,  to  consist  of  many  more  or  less 
globular  bodies,  varying  in  size  from  11.5/*  to  30/i.  The  larger 
bodies  consist  of  aggregates  of  niunerous  small  sporoblasts  or 
spores.  By  gently  rolling  the  cover  glass  the  latter  aggregates 
can  be  readily  broken  up  and  will  then  be  seen  to  consist  of 
somewhat  elongate  spores  measuring  about  4/x  x  2.5m. 

Ldfe  history.  Sections  of  the  parasitic  masses  stained  with 
iron  haematoxylin  and  orange-G  show  very  beautifully  the 
later  developmental  stages  of  this  parasite,  though,  owing  to  the 
small  quantity  of  material,  I  have  been  unable  to  obtain  as  com- 
plete a  series  as  I  could  wish.  Plate  4,  figures  2  and  3,  show  the 
characteristic  appearance  of  sections  of  the  parasite  in  which 
the  later  developmental  stages  are  sharply  separated. 

Myxosporidium.  The  parasite  at  the  time  of  discovery  was  in 
a  rather  advanced  state  of  sporulation.  Around  the  myxospor- 
idiiun  was  a  very  definite  membrane,  though  at  this  stage  of 
development  it  was  impossible  to  determine  whether  this  was 
formed  by  the  parasite  or  the  host.  The  earliest  stages  were 
the  sporonts,  which  occurred  round  the  edges  of  the  mass. 

Sporonts.  These  are  rounded  bodies  measuring  some  9m  in 
diameter.  The  chromatic  substance  (fig.  4)  is  very  diffuse  and 
spreads  in  a  network  throughout  the  cell.  I  did  not  observe  the 
primary  division  of  the  sporont,  but  it  is  evident  that  in  later 
stages  the  nucleus  assumes  a  more  regular  form  at  division,  after 
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which  it  becomes  once  more  irregular.  The  nucleus  divides 
many  times  and  at  each  division  the  protoplasm  condenses 
between  the  newly  formed  nuclei  to  form  a  fine  membrane  sep- 
arating them  (pi.  4,  figs.  5  to  9).  Usually  the  sporont  retains  its 
globular  form  throughout  its  entire  life  but  in  some  instances 
small  irregular  masses  of  dividing  cells  (fig.  6)  were  formed, 
which  were  too  small  to  be  primary  sporonts  and  must  therefore 
have  represented  a  stage  in  some  suT>sequent  division.  The  nrnn- 
erous  cells  are  so  closely  packed  together  as  division  advances 
that  the  exposed  surface  of  each  assumes  a  polygonal,  usually 
hexagonal,  form  (fig.  9).  A  section  through  one  of  these  masses 
shows  that  the  septa  dividing  the  nuclei  do  not  in  all  cases  com- 
pletely separate  the  nuclei  with  their  surrounding  protoplasm 
from  each  other,  ^ince  toward  the  center  of  the  sporont  they 
become  less  pronounced  and  finally  disappear  entirely  (fig.  10). 
Tt  is  also  seen  that  in  the  center  there  are  a  few  nuclei  siurounded* 
by  protoplasm,  around  the  edges  of  which  fine  membranes  are 
in  process  of  formation.  The  nuclei  are  still  somewhat  irr^ular 
though  much  less  so  than  in  the  earlier  stages  of  division. 

Sporoblasts.  When  a  niunber  of  nuclei,  varying  from  about 
30  to  60,  have  been  thus  formed  and  surrounded  by  a  membrane, 
the  whole  sporont  swells  and  each  of  the  numerous  uninuceate 
sporoblasts  into  which  it  has  now  been  transformed  assumes  a 
more  globular  shape.  At  this  period  of  development  neither 
the  haematoxylin  nor  the  orange-G  stain  is  retained,  but  numerous 
bodies  of  very  irregular  size  and  form,  having  the  appearance 
shown  in  plate  4,  figure  11,  make  their  appearance  in  the  myxo- 
sporidium.  Each  sporoblast  gradually  retains  more  and  more  of 
the  haematoxylin  till  by  the  time  it  is  transformed  into  a  spore 
its  protoplasm  stains  very  deeply. 

.  SporCi  Plate  4,  figure  4,  represents  a  section  through  one  of 
the  masses  of  newly  formed  spores.  There  does  not  appear  to 
be  any  membrane  around  this  aggregate,  but  the  spores  are  held 
together  by  a  quantity  of  surplus  protoplasm  which  does  not 
stain  with  haematoxylin  as  does  that  of  the  spore.  As  will  be 
observed,  the  spores  are  not  symmetrically  arranged  but  are 
scattered  irregularly  throughout  the  protoplasm  which  forms  the 
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basis  of  the  mass.  This  irregularity  is  apparently  produced  by 
the  swelling  of  the  sporoblasts,  for  it  is  at  this  period  of  develop- 
ment that  the  sporont  usually  loses  its  globular  shape.  The 
elliptical  spore  measures  about  4m  x  2.5/i  and  is  less  pronouncedly 
ovoid  than  that  of  Glugea  fibrata.  On  treatment  with  iodine 
a  filament  is  ejected.  Unfortunately  I  have  no  preparations 
showing  the  evaginated  filament,  but  in  a  free-hand  sketch  of 
an  unstained  specimen  I  drew  it  about  ten  to  fifteen  times  the 
length  of  the  spore  and  this  is  roughly  its  length.  My  prepara- 
tions were  also  stained  with  haematoxylin  so  I  was  unable  to 
see  the  nuclei,  but  in  figure  14  I  have,  by  analogy  with  G.  fibrata 
indicated  their  probable  position.  I  observed  in  unstained  spec- 
imens that  when  the  filament  was  ejected  by  iodine  the  spore 
contents  shrank  in  a  similar  manner  to  thatr  described  for  G. 
fibrata,  giving  the  spore  the  appearance  of  figure  13. 

It  is  seen  from  this  that  the  ejection  of  the  filament  in  both  of 
these  species  is  accompanied  by  a  decided  enlargement  of  the 
vacuole,  which  suggests  that  its  fluid  contents  are  swollen  by 
the  iodine  entering  through  the  shell  by  osmosis,  and  that  the 
as  yet  undiscovered  function  of  the  vacuole  may  have  some  con- 
nection with  the  ejection  of  the  filament. 

The  host  of  G.  multispora  is  the  larva  of  Simulium  vittatum 
and  SimuUum  bracteatum.  It  was  found  in  one  out  of  four 
blrvae  taken  from  a  part  of  the  stream  in  the  Arnold  Arboretum, 
where  larvae  were  very  scarce.  Three  other  infested  specimens 
were  taken  at  Hyde  Park  and  Franklin  Park  in  the  neighborhood 
of  Boston. 

NOTES  ON  THE  GENERIC  POSITION  OF  THE  SPECIES  DESCRIBED 

Although  I  have  placed  all  three  species  above  described  in 
the  Genus  Glugea  of  Th61ohan,  the  first  two,  especially  G. 
bracteata,  according  to  Gurley's  interpretation  of  the  genus  ('94), 
cannot  be  included,  for  his  definition  of  the  genus  is  as  follows. 
"Glugeidae  possessing  a  myxosporidium,  and  in  which  the  pan- 
sporoblast produces  an  inconstant  but  large  number  (always  more 
than  8)  of  spores,  pansporoblast  membrane  not  subp&rsistent^^^    In 

*  Italics  mine. 
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G.  bracteata  and  G.  fibrata  the  pansporoblasts  produce  regularly 
eight  spores  and  in  the  former  case  the  pansporoblast  membrane 
is  subpersistent.  This  latter  type  of  sporulation  is  character- 
istic of  the  genus  Thelohania  of  Henneguy,  but  in  this  genus  the 
meronts  remain  separate,  are  uninucleate,  and  each  gives  rise 
to  one  pansporoblast.  G.  bracteata  therefore  cannot  be  placed 
in  this  genus,  neither  can  it  be  included  in  Pleistophora  of  Gur- 
ley,  in  which  also  the  pansporoblast  is  multisporulate  (always 
more  than  octosporulate),  although  its  membrane  is ''subpersistent 
as  a  polysporophorus  vesicle."  This  species  must  therefore  either 
be  placed  in  the  genus  Glugea,  in  which  case  Giu'ley's  definition 
must  be  modified,  or  a  new  genus  will  have  to  be  made  to  include 
it.  The  peculiar  shape  of  the  spores  and  the  subpersistence  of 
the  membrane  might  justify  the  latter  coiu-se,  but  since  Lutz 
and  Splendore  ('04  and  '08)  have  pointed  out  that  in  the  same 
species  the  pansporoblasts  may  be  octo-  or  polysporic,  and  since 
according  to  the  interpretation  of  Minchen  ('03)  and  Stempell 
('09),  this  species  can  be  included  in  the  genus  Glugea,  I  am  plac- 
ing it  provisionally  there. 

I  am  convinced  that  the  species  above  described  are  closely 
related  to  the  South  American  microsporidian  described  by  Lutz 
and  Splendore  ('08)  as  Nosema  simulii.  These  authors  ('04)  also 
place  the  species  varians  of  L6ger  in  the  same  genus.  The  reason 
for  transferring  this  species  is  based  mainly  upon  the  fact  that, 
as  these  authors  show,  the  number  of  spores  formed  in  a  pansporo- 
blast (i.e.,  whether  octo-  or  polysporic)  is  an  unreliable  generic 
character.  Nosema,  however,  has  no  myxosporidium  and  matur- 
ation takes  place  by  its  nvmierous  uninucleate  and  separate  mer- 
onts giving  rise  directly  to  spores,  thus  omitting  a  sporont  and 
sporoblast  stage.  The  absence  of  a  myxosporidium  places  this 
genus  in  the  family  Nosematidae.  That  simulii  does  not  belong 
to  this  family  is  shown  by  the 'fact  that  the  myxosporidium  is 
present  as  ''rounded  cysts,  with  fine  membranes,  in  which  are 
contained  thin  walled  secondary  cysts"  (pansporoblasts).  This 
character  places  this  species,  as  well  as  varians,  and  those  above 
described,  with  either  the  Pleistophoridae  or  the  Glugeidae,  which 
are  separated  by  having  multicellular,  or  multinuclear  unicellular 
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myxosporidia  respectively^  during  the  period  of  growth.  This 
character  disappears  when  sporulation  begins,  for  in  both  fam- 
ilies the  sporonts  are^  surrounded  with  a  fine  membrane,  and 
the  myxosporidium  therefore  at  this  stage  is  multicellular  in  both 
famiUes.  As  before  stated,  all  the  material  I  have  examined 
was  in  rather  an  advanced  stage  of  sporulation,  so  that  this  char- 
acter was  poorly  defined.  As  the  earlier  stages  were  not  described 
by  L^ger  ('97)  or  by  Lutz  and  Splendore  ('04),  I  conclude  that 
their  material  was  in  about  the  same  stage  of  maturation  as 
that  which  I  exammed.  In  Glugea  fibrata,  however,  I  saw 
'(pi.  3,  figs.  4  and  5)  what  appeared  to  me  to  be  free  nuclei  in 
.  the  protoplasmic  mass  between  the  already  formed  sporonts. 
Some  of  these  seemed  to  be  still  undergoing  division.  In  G. 
bracteata  also,  sporonts  appeared  to  be  budded  oflF  from  a  mul- 
tinucleate mass  of  protoplasm  (pi.  2,  fig.  4).  If  my  interpreta- 
tion be  correct,  both  of  these  species  certainly,  and  probably 
the  other  three  also,  belong  to  the  family  Glugeidae,  and  must 
therefore,  as  before  stated,  be  provisionally  placed  in  the  genus 
Glugea.  If  this  is  not  the  case  and  the  myxosporidium  is  multi- 
cellular during  its  entire  development,  these  species  will  have  to 
be  placed  in  the  Pleistophoridae,  and,  since  Lutz  and  Splendore 
('08)  show  that  octo-  and  polysporic  development  is  not  of  generic 
value,  all  can  be  included  in  a  modified  conception  of  the  genus 
Pleistophora  Gurley,  though  that  author  limited  the  genus  to 
polysporic,  i.e.,  more  than  octosporic,  species. 

THE  EARLY  STAGES  OF  INFECTION 

As  stated  in  the  detailed  account  of  the  various  species  given 
above,  the  early  stages  of  infection  and  development  were  not 
found,  and  if,  as  I  infer,  they  are  present  only  in  the  youngest 
Simuhum  larvae,  it  is  unlikely  that  these  incipient  stages  will 
be  readily  discovered.  From  analogy  and  from  observations  upon 
the  later  stages  it  is,  however,  possible  to  trace  the  probable 
means  of  infection  and  subsequent  development. 

As  in  all  other  Myxosoporidia,  it  may  be  assumed  that  infection 
is  effected  by  way  of  the  alimentary  tract,  and  it  is  almost  safe 
to  say  that  this  infection  can  take  place  only  in  the  mesenteron. 
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for  the  stomenteron  and  proctenterop  are  rather  heavily  lined 
with  chitin,  which  would  repel  any  attacks  of  the  unarmed  germ 
which  escapes  from  the  spore.  In  order  that  the  filament  may 
be  expelled  previous  to  the  escape  of  the  germ  it  is  necessary 
that  the  spore  be  acted  upon  by  some  dehydrating,  or  similar 
reagent,  such  as  is  found  in  the  digestive  juices  of  its  host. 
Biitschli  ('82)  kept  spores  for  a  long  time  in  water  and  noticed 
that  there  was  no  change  in  them.  This  is  also  the  case  with 
the  spores  from  Simulimn  larvae  which  I  kept  for  two  months  in 
water,  at  the  end  of  which  period  they  had  undergone  no  change. 
Rare  instances  of  spores  dehiscing  while  still  in  the  body  of  the ' 
original  host  have  been  described  by  Lieberkuhn  ('54)  and  Simond 
('03),  but  these  are  exceptional. 

The  germ,  then,  is  liberated  in  the  mesenteron  of  a  young 
larva.  If,  according  to  the  theory  explained  above,  the  peritro- 
phic  membrane  has  not  been  completely  formed  at  this  time, 
it  is  able  to  come  in  direct  contact  with  the  mesenteric  epitheUiun 
and  to  work  its  way  in  amoeboid  fashion  between  the  cells  till 
it  escapes  into  the  body  cavity  of  its  host.  If,  on  the  other  hand, 
the  peritrophic  membrane  already  completely  lines  the  entire 
mesenteron  and  proctenteron  it  seems  that  the  minute  germ  must 
pass  straight  through  the  intestines  and  be  voided  with  the  faeces. 
In  this  way  I  would  explain,  as  before  stated,  the  absence  of  any 
indications  of  parasitisation  being  effected  in  any  but  the  earUest 
stages  of  larval  life. 

The  young  germ,  after  entering  the  body  cavity,  lives  freely  in 
the  blood  plasma,  but  does  not,  probably,  multiply  by  division 
as  does  that  of  N.  bombycis  Nag.  (Stempell  '09),  and  where 
several  myxosporidia  are  present  in  one  host  these  must,  it  would 
seem,  be  considered  as  separate  infections,  except  in  the  case  of 
Glugea  multispora  in  which  so  many  myxosporidia  sometimes 
occm*  that  it  would  seem  to  indicate  some  such  multiplication. 
The  germ  attacks  a  cell  of  the  fat  body.  Evidence  of  this  is 
shown  in  many  cases  where  the  walls  of  these  cells  are  seen  still 
surrounding  small  irregularities  of  the  myxosporidiimi  (pi.  2,  fig. 
3).  Here  the  germ  loses  its  motility  and  a  constant  (binary?) 
division  of  the  nucleus  begins,  which  continues  throughout  the 
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entire  meront  period,  at  the  end  of  which  the  myxosporidium 
has  grown  to  a  very  great  size  and  consists  of  a  multinucleate 
protoplasmic  mass  measuring  up  to  2  to  3  mm.  in  length.  Each 
nucleus  in  the  center  of  the  myxosporidium  now  collects  around 
itself  a  small  mass  of  protoplasm,  which  becomes  somewhat  denser 
and  is  finally  enveloped  by  a  membrane,  thus  forming  a  globular 
unincleate  sporont  as  previously  described.  This  action  spreads 
from  the  center  outwards  until  the  whole  myxosporidium  has 
been  converted  into  sporohts,  although  by  this  time  those  in 
the  center  have  been  already  transformed  into  spores. 

When  several  myxosporidia  are  present  in  one  host  they  all 
remain  small  so  that  they  together  occupy  only  as  much  space 
as  a  single  fully  developed  myxosporidium.  The  reduction  in 
size  does  not,  however,  interfere  with  development,  for  the  small 
trophozoites  begin  to  sporulate  at  the  same  time  as  do  those  which 
are  fully  grown.  It  seems,  moreover,  that  the  life  history  of 
the  parasite  closely  coincides  with  that  of  its  host,  for  in  every 
case  where  sporulation  was  nearly  complete,  its  host  was  full 
grown  and  the  surroimding  larvae  from  the  same  batch  of  eggs 
were  pupating.  In  northern  latitudes  Simuliidae  pass  the  winter 
in  the  larval  stage  and  at  about  the  end  of  October  development 
practically  ceases.  It  appears  that  fhe  parasites  in  such  larvae 
likewise  cease  to  develop,  for  in  all  infected  larvae  collected  dur- 
ing November  and  December  the  parasites  were  in  precisely 
the  same  condition  of  development.  This  cessation  of  sporula- 
tion during  the  winter  was  noticed  also  by  Cohn  ('96)  in  a  species 
of  Myxidium. 

THE  EFFECTS  OF  THE  PARASITE  ON  THE  HOST 

I  was  not  able  to  find  that  any  organs  except  the  fat  body  are 
attacked  by  these  parasites.  The  musculature,  spinning  glands, 
and  epithelial  cells  of  the  alimentary  tract  showed  no  signs  of 
infection.  I  have  not,  however,  been  able  to  find  the  reproduc- 
tive organs  in  any  parasitised  larvae.  These  are  always  small, 
but  can  as  a  rule  be  found  in  a  good  series  of  sections  from  a 
healthy  larva.  When  the  parasite,  however,  is  present  no  trace 
of  these  organs  can  be  seen. 
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P6rez  r06)  found,  that  in  the  case  of  crabs,  the  presence  of 
Thelohania  sp.  in  the  ovary  caused  the  parent  to  reabsorb  its 
eggs.  There  are  no  indications  in  Simuliid  larvae  that  the  repro- 
ductive organs  are  actually  infected.  Since  they  are  absent  when 
but  one  myxosporidium  is  present,  which  may  be  situated  ven- 
trally  to  the  alimentary  tract,  it  seems  more  probable  that,  as 
in  the  case  of  Trichonympha  spp.  in  Termites,  the  presence  of 
the  parasites  causes  suppression  in  the  development  of  the  re- 
productive organs  without  actually  coming  into  contact  with 
them. 

In  no  preparations  was  there  any  noticeable  hypertrophy  of 
the  alimentary  tract,  as  seen  by  L^ger  ('97)  in  S.  omatum  when 
parasitised  by  G.  varians  L^ger  or  by  myself  ('11)  in  S.  hirtipes 
when  parasitized  by  various  Myxosporidians.  There  was,  how- 
ever, a  varying  effect  upon  the  histoblasts,  from  an  almost  com- 
plete atrophy  to  hardly  any  noticeable  reduction  in  size  (pi.  6, 
fig.  6)^  For  a  fuller  account  of  the  histoblasts,  and  the  effects 
of  the  parasites  upon  them,  I  would  refer  the  reader  to  my  former 
paper  ('11). 

From  nimierous  observations,  I  feel  convinced  that  parasitised 
larvae  never  pass  through  the  pupal  to  the  adult  stage.  Un- 
fortunately, owing  to  the  cfifficulty  of  keeping  these  larvae  alive 
under  artificial  conditions,  I  am  unable  to  make  this  statement 
with  absolute  certainty,  especially  as  evidence  goes  to  show  that 
in  the  infection  of  allied  insect  larvae  by  Glugeid  parasites  the 
host  does  not  always  suffer.  In  all  of  the  latter  cases,  however, 
the  parasite  belongs  to  the  family  Nosematidae.  The  follow- 
ing is  a  brief  account  of  two  interesting  species  of  this  family. 

fn  1903  Simond  described  a  Nosema  sp.  parasite  of  the  larva 
of  the  yellow  fever  mosquito,  Stegomyia  fasciata  Theob.  from 
Rio  de  Janeiro,  in  which  he  found  two  distinct  types  of  spores. 
The  most  numerous  spore  was  unicolored  and  measured  3  to 
5/i  X  2  to  3/i.  These,  he  states,  dehisced  within  the  host  and 
thus  caused  auto-infection.  This  is  the"  only  case  in  which  reg- 
ular auto-infection  has  been  described.  Less  frequently  he  found 
brown  spores,  which  were  less  symmetrical  in  form  and  gave 
rise  to  an  attenuated  brown  filament,  which  was  occasionally 
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branched.  This  attained  a  length  of  20  to  30/*,  when  it  assiuned 
a  necklace-like  form,  after  which  it  disintegrated  without  appar- 
ent fiui;her  development  or  function.  The  infected  larvae  pupated 
and  the  parasite  was  present  in  the  adult.  In  1908  Lutz  and 
Splendore  also  described  briefly  a  species  from  the  adults  of 
Stegomyia  fasciata  which  they  named  Nosema  stegomyiae.  The 
size  of  the  spore  was  approximately  that  given  by  Simond  and 
it  is  quite  possible  that  this  is  the  same  species. 

Hesse  ('04)  described  a  species,  Thelohania  legeri,  parasitic 
in  the  larvae  of  the  malarial  mosquito,  Anopheles  maculipennis 
Meig.  The  fat  body  of  these  larvae  was  the  seat  of  infection,  as 
in  the  case  of  SimuUiun.  There  were  two  types  of  spores  present, 
viz.,  microspores,  8  x  4/*,  and  macrospores,  12  x  S/u.  The  filament 
was  readily  evaginated  by  the  use  of  iodine.  Although  he  did 
not  find  the  parasites  present  in  any  adults  he  states  that  it  is 
doubtless  to  be  found  in  this  stage,  for  the  host  does  not  suffer 
in  any  way  from  the  effects  of  the  parasite. 

In  these  two  cases  the  parasites  were  not,  as  far  as  the  observa- 
tions show,  in  any  way  detrimental  to  thdr  host.  It  must, 
however,  be  borne  in  mind  that  neither  Nosema  nor  Thelohania, 
which. are  both  genera  of  the  family  Nosematidae,  form  such 
large  masses  of  parasitic  material  as  Glugea,  and  that  in  the 
descriptions  of  these  two  cases  there  is  no  mention  of  the  parasite 
causing  the  body  of  its  host  to  be  in  any  way  distended.  This 
fact  would  surely  not  have  been  omitted  had  the  effect  been  as 
marked  as  in  the  case  of  the  Simulium  larvae. 

In  the  parts  of  the  stream  where  the  parasites  were  most 
abundant  I  collected  all  the  pupae  I  could  find.  These  were 
sectioned,  or  dissected,  but  in  no  case  could  signs  of  any  stage 
of  the  parasite  be  detected.  When  healthy  and  parasitised  larvae 
were  brought  together  into  the  laboratory  the  healthy  larvae 
always  Uved  for  a  much  longer  time  than  the  parasitised  individ- 
uals, and  in  several  of  the  latter  death  was  apparently  caused 
by  the  skin  rupturing,  when  the  mass  of  parasitic  material  pro- 
truded through  the  rent  thus  made. 

Mature  larvae  turn  brown  a  little  before  pupation  and  the 
histoblasts  of  the  pupal  respiratory  filaments  blacken  (pi.  6,  fig. 
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5,  r./.)-    Ill  ^o  cases  of  parasitisod  larvae  was  this  stage  of  matur- 
ation observed,  and  it  is  probably  seldom,  or  never,  reached. 

In  comparing  sections  of  healthy  and  parasitised  larvae,  it  is 
seen  that  in  the  latter  the  quantity  of  fat-body  stored  up  for 
the  formation  of  adult  tissues  is  greatly  reduced,  and  is  probably 
entirely  inadequate  for  the  requirements  of  a  full-sized  fly.  It 
is  also  evident  that,  owing  to  the  large  quantity  of  parasitic  mater- 
ial, which  is  of  a  somewhat  firm  consistency,  a  large  rent  in  the 
skin  of  the  host  would  be  necessary,  in  order  to  liberate  it,  and 
this  would  certainly  cause  the  death  of  the  host.  Such  was  ob- 
served to  be  the  case  in  larvae  which  died  in  this  way  when  in 
captivity.  On  the  other  hand,  should  the  parasite  pass  over 
into  the  adult,  it  is  inconceivable  how  the  fly,  already  weakened 
by  the  diminution  of  its  fat  body,  could  ever  get  out  of  the  water 
when  handicapped  with  a  solid  mass  of  spores  which  would 
swell  its  abdomen  to  quite  three  times  its  normal  size.  Taking 
into  account  all  these  facts,  which  in  brief  are  the  absence  of 
mature  larvae  containing  parasites,  the  absence  of  parasites  in 
the  pupae,  the  suppression  of  the  reproductive  organs,  and  often 
of  the  histoblasts,  the  voluminous  proportions  of  the  parasite 
and  the  resulting  restriction  of  fat-body,  I  feel  justified  in  stating 
that  in  almost  if  not  all  instances,  the  presence  of  Glugeid  par- 
asites prevents  the  matiu'ation  of  their  larval  host. 

A  GREGARINE  PARASITE  OF  SIMULIUM   LARVAE:    (Plate  5) 

During  early  October  and  later  it  was  found  that,  in  two  of 
the  streams  inhabited  by  Simulium  bracteatum,  a  number  of 
the  larvae  were  somewhat  enlarged  and  had  generally  a  lighter 
color  than  the  average  individuals.  Closer  inspection  showed  that 
they  were  heavily  parasitised  by  innumerable  small  cysts  meas- 
uring up  to  0.25  mm.  (pi.  5,  fig.  1).  A  number  of  these  larvae 
were  collected,  killed  and  sectioned,  when  it  was  seen  that  these 
cysts  affected  various  tissues  of  the  body.  The  greater  number 
of  them  were  already  free,  floating  in  the  blood  plasma,  but  those 
which  were  still  retained  at  the  point  where  they  began  growth, 
were  situated  in  the  epithelial  cells  of  the  integument  (pi.  5,  fig. 
2),  in  the  cells  of  the  fat  body  (fig.  3)  and  in  the  pigment  cells 
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which  cover  the  nervous  system  (fig.  4).  The  sexual  organs 
were  never  found  and  it  is  probable  that  they  had  been  parasitised 
and  destroyed.  I  saw  no  signs  of  the  epithelial  cells  of  the  in- 
testine, spinning  glands  or  Malpighian  tubules  suffering,  neither 
did  it  appear  that  the  muscles  were  ever  affected.  Under  a 
higher  magnification  the  cysts  were  seen  to  consist  of  a  grandular 
cytoplasm  containing  small,  irregularly  distributed  masses  of  chro- 
matic material  (fig.  5).  In  some  young  cysts  there  were  vacuoles, 
but  these  were  only  detected  in  Uving  specimens.  In  other  fresh 
material  there  seemed  to  be  a  distinct  ectosarc  layer  of  a  per- 
fectly clear  fluid.  Otherwise  the  contents  of  the  cyst  seemed  to 
be  qviite  homogeneous  and  to  consist  of  a  granular  protoplasm. 
On  treating  with  osmic  acid  this  turned  a  deep  brown,  indicating 
the  presence  of  fat.  By  the  end  of  November  I  noticed  that 
the  protoplasm  was  beginning  to  collect  aroimd  the  chromatic 
masses  and  the  cell  contents  were  divided  up  into  many  multi- 
nucleate irregular  bodies  (pi.  5,  fig.  6).  During  December  these 
bodies  split  into  uninuclear,  nearly  globular  bodies  (fig.  7).  If 
a  cyst  was  then  dissected  and  allowed  to  float  in  a  drop  of  water 
it  soon  burst,  liberating  countless  numbers  of  these  minute  glob- 
ules. After  they  had  been  liberated  about  a  quarter  of  an  hour 
they  began  to  move  independently.  Soon  they  became  very 
active,  though  their  power  of  locomotion  was  very  slight,  for 
they  did  not  move  their  relative  position  appreciably  but  darted 
back  and  forth  over  a  limited  area.  Each  was  provided  with  a 
flagellum.  The  actual  movement  could  not  be  accurately  ob- 
served as  all  motion  ceased  as  soon  as  the  specimens  were  placed 
imder  a  cover  glass  in  a  cell  slide.  I  sent  prepared  specimens 
of  these  parasites  to  Professor  Calkins  who  very  kindly  replied 
that  they  probably  belonged  to  the  order  Gregarinida.  I  have 
not,  however,  sufficient  stages  to  be  certain  of  this,  but  if  this 
be  the  case  there  are  one  or  two  characters  which  are  not  quite 
in  accordance  with  those  usually  connected  with  Gregarinida. 
In  the  first  place  it  is  evident  that  this  parasite  increases  by 
schizogeny  in  its  early  stages,  for  in  every  host  in  which  it  was 
found  the  number  of  cysts  present  was  estimated  to  be  between 
500  and  1000  or  in  some  cases  more,  while  surrounding  larvae 
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of  the  same  generation  were  fr^  from  attack.  Secondly,  the 
nucleus  is  not  single  from  the  earliest  observed  stages,  but  seems 
to  occur  for  the  greater  part  of  the  organism's  life  in  the  form  of 
diffusely  scattered  chromatic  masses.  There  is,  again,  usually 
no  sharply  defined  layer  of  ectoplasm  surrounding  the  endoplasm, 
while  in  the  latter  vacuoles  are  present.  Another  feature  is  that 
the  presence  of  this  parasite  has  a  marked  pathological  effect, 
for  parasitised  larvae  have  the  development  of  their  histoblasts 
arrested  (pi.  6,  fig,  7)  so  that  they  must  die  at,  if  not  before, 
pupation.  Since  in  the  streams  in  which  this  parasite  is  present 
it  must  kill  well  over  50  per  cent  of  the  somewhat  scarce  larvae, 
it  would  seem  that  it  must  be  an  important  agent  in  the  redaction 
of  Simuliiun  larvae  in  the  neighborhoods  where  it  occurs,  and 
for  this  reason,  apart  from  its  scientific  interest  it  would  be  of 
advantage  to  ascertain  in  detail  its  life  history  and  distribution. 
The  host  of  this  Gregarine  is  the  larva  Simulium  bracteatum. 
It  was  found  infecting  about  half  of  the  larvae  in  streams  in 
Franklin  Park  and  at  Hyde  Park  near  Boston,  Massachusetts, 
from  October  to  December.  The  streams  where  it  occurred  had 
not  been  examined  earlier  in  the  year  and  contained  no  species 
except  S.  bracteatum. 

THE  ECONOMIC  VALUE  OF  PARASITES  OF  SIMULIIDAE 

It  will  be  seen  from  the  foregoing  notes  that  there  are  in  the 
neighborhood  of  Boston  three  distinct  classes  of  parasites  infect- 
ing, and  in  each  case  killing,  Simulium  species  in  their  larval 
stages.  Summarizing  my  observations  for  the  single  year,  1911, 
there  are  the  following: 

I.  Parasites  of  the  spring  brood  of  Simulium. 

a.  Various  Myxosporidia  sens.  laL,  up  to  80  per  cent  mortalitj'' 
c.  Merims  sp.,  up  to  25  per  cent  mortality 

II.  Parasites  of  the  fall  brood  of  Simulium. 

a.  Glugea  bracteata,  about  10  per  cent  mortality 
a.  Glugea  fibrata,  about  5  per  cent  mortality 
a.  Glugea  multispora,  rare 
6.  Gregarine  species,  up  to  50  per  cent  mortality 
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From  no  other  locality  in  Nprth  America  have  these,  or  sim- 
ilar parasites,  been  recorded.  As  mentioned  earlier  in  this  paper, 
Simuhum  larvae  have  been  carefully  and  extensively  studied  in 
several  sections  of  the  country,  notably  at  Ithaca,  New  York, 
and  in  Maine,  but  in  none  of  these  places  has  a  single  case  of 
parasitism  been  recorded.  It  is  evident,  as  will  be  seen  from  the 
illustrations  of  parasitised  larvae,  that  such  individuals  could 
hardly  escape  the  eye  of  the  observer,  especially  as,  in  streams 
in  which  infection  is  heavy,  the  greatly  distended  and  whitened 
larvae  can  be  readily  seen  from  a  distance  of  several  yards  from 
the  water.  We  thus  have  evidence,  though  by  no  means  con- 
clusive, that  these  parasites  are  not  widely  distributed  through- 
out the  United  States.  Other  evidence  is  found  in  the  fact 
that  in  this  neighborhood  the  black  flies  are  not  a  serious  pest, 
although  the  nature  of  the  country  is  eminently  suited  to  the 
requirements  of  their  larval  life.  In  surrounding  states,  in  every 
direction,  these  flies  are  not  only  a  great  nuisance,  but  also  a 
dangerous  pest.  The  southern  states,  especially,  suffer  from 
these  blood-thirsty  flies.  In  the  interesting  report  of  Professor 
Lugger,  of  the  University  of  Minnesota  ('96),  it  is  stated  that 
in  the  State  of  Tennessee  alone,  these  flies  were  responsible, 
in  the  year  1892,  for  the  loss  of  $500,000,  through  their  attacks 
on  cattle.  But  their  ravages  are  not  confined  to  the  southern 
states,  for  in  the  northern  state  of  Maine,  and  in  New  Brunswick, 
one  hears  of  the  death  of  animals  due  to  the  attacks  of  these 
flies,  while  in  the  same  locaUties  it  is  impossible  at  certain  seasons 
of  the  year  to  enter  forests,  improtected,  in  the  neighborhood 
of  streams.  It  would  therefore  seem  that  we  owe  our  deUver- 
ance  largely,  if  not  entirely,  to  the  fact  that  a  large  percentage 
of  these  flies  is  annually  killed  off  before  maturity. 

I  have  made  no  experiments  upon  the  transference  of  these 
parasites  from  one  Simulimn  species  to  another,  but,  as  far  as 
can  be  seen,  there  should  be  no  difficulty  in  accomplishing  this, 
for  in  all  cases  observed  tiie  parasites  infected  all  species  of  larvae, 
present  at  that  time,  in  the  stream  where  the  former  occurred.  There 
is,  however,  a  seasonal  variation  of  parasitism,  for  the  species 
found  in  the  spring  were  not  retaken  in  the  fall,  and  vice  versa. 
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SO  that  it  is  probable  that  only  those  species  of  Simulium,  whose 
life  history  coincides  with  parastised  species,  could  be  infected 
with  the  parasites  of  the  latter.  Since,  as  previously  stated,  I 
am  led  to  believe  that  infection  is  possible  only  during  the  early 
stages  of  larval  life,  it  would  probably  be  necessary  to  collect 
a  number  of  infected  larvae,  and  place  them  in  streams  where 
the  other  species  is  always  abundant,  some  little  while  before 
the  eggs  of  the  latter  hatch.  If  the  parasite  is  present  in  the 
larvae  of  the  following  generation  it  will  be  readily  detected  dur- 
ing the  later  stages  of  larval  development. 

It  will  be  seen  from  the  list  of  Myxosporidia,  and  the  seasons 
in  which  they  were  found,  that  those  occurring  in  the  spring 
brood  parasitise  a  much  higher  percentage  of  larvae  than  those 
occurring  in  the  fall  brood.  This  is  due,  it  seems,  to  the  much 
greater  numbers  of  larvae  present  in  the  streams  during  the 
former  season,  for  at  this  time  they  are  living  a  gregarious  life, 
and  all  stages  of  development  are  present  together.  This  results 
in  the  newly  hatched  larvae  always  being  in  close  proximity  to 
some  recently  dead  larva,  from  which  innumerable  spores  have 
escaped;  In  the  fall,  however,  larvae  are  comparatively  rare, 
and  are  more  solitary  in  their  habits,  so  that  the  infection  of 
young  larvae  is  less  certain. 

The  Gregarine  species,  however,  which  occurred  in  two  streams, 
not  examined  in  the  spring,  was  found  heavily  to  parasitise  larvae 
which  were  not  by  any  means  abimdant  iii  the  streams,  and  this 
is  probably  due  to  tlie  motility  of  the  bodies  liberated  by  the 
host  upon  its  death.  It  would  thus  seem  that,  were  the  parasites 
liberated  in  streams  where  Simulimn  larvae  are  very  numerous, 
the  spread  of  infection  would  be  rapid,  and  the  disease  should 
soon  be  firmly  established. 

It  is  not  easy  to  understand  how  it  is  that  the  parasites  do 
not  slowly  travel  down-stream,  from  year  to  year,  so  that  in 
time  the  stream  becomes  clear  of  infection.  That  this  is  not 
the  case,  is  indicated  by  the  fact  that  where  the  source  of  a 
stream  has  been  found  as  a  spring,  Simulium  larvae  occurring 
near  this  region  were  found  to  be  parasitised.  As  before  stated, 
I  do  not  believe  that  the  adults  are  capable  of  spreading  the 
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infection  through  the  ova.  Krassilstschik  ('96)  found  that  the 
spores  of  N.  bombycis  (p6brine)  could  pass  through  the  intestines 
of  birds  and  be  still  capable  of  infecting  silkworms.  This  may 
also  be  the  case  with  these  spores,  since  many  must  be  ingested 
by  birds  which  drink  at  the  streams.  Other  insects,  frogs,  etc., 
may  also  carry  the  spores  upstream.  Perhaps  also,  SimuUum 
larvae  themselves  move  about  more  than  is  generally  believed, 
and  as  stated  in  my  previous  paper  ('11),  parasitised  larvae  are 
more  active  than  healthy  specimens.  It  may  be,  therefore,  that 
such  larvae  occasionally  travel  a  considerable  distance  up  stream 
before  death,  and  thus  prevent  the  disease  from  being  washed 
out  of  the  stream. 

I  foimd  no  definite  signs  of  Mermis  during  the  fall  of  1911 
although,  in  one  or  two  dissections  of  S.  bracteatum,  I  found 
minute  worms,  measuring  about  20/*  among  the  masses  of  G. 
bracteata  contained  in  these  larvae.  This  Mermis  should  also 
prove  of  good  economic  value,  since  there  can  be  little  doubt 
that  it  is  a  general  parasite  which  could  be  readily  transferred 
from  one  species  to  another. 

SUMMARY 

Although  the  country  in  the  vicinity  of  Boston  is  eminently 
adapted  to  the  breeding  requirements  of  black  flies  (SimuUidae), 
they  do  not  occur  in  sufficient  abundance  in  this  neighborhood 
to  constitute  a  dangerous  pest,  or  even  a  serious  annoyance. 
Black  flies  or  'buffalo  gnats,'  are  most  destructive  in  the  southern 
states,  as  an  example  of  which  Tennessee  may  be  cited,  where 
in  one  year  the  cattle-raisers  suffered  a  loss  of  J500,000  through 
the  attacks  of  these  insects.  Their  ravages  are  not,  however, 
confined  to  the  southern  states,  for  in  the  more  northern  states, 
as  in  Maine  and  Wisconsin,  these  ffies,  at  certain  seasons  of  the 
year,  are  extremely  abundant,  and  are  very  injurious  to  stock. 
It  would  thus  seem  that  in  the  neighborhood  above  named  the 
comparative  freedom  from  annoyance  by  these  small,  though 
vicious,  ffies  must  be  due  to  some  other  cause  than  climatic 
conditions.  An  examination  of  the  larvae  in  the  small  streams, 
which  occur  so  frequently  in  eastern  Massachusetts  throws  some 
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light  on  this  phenomenon,  for  it  is  seen  that,  in  many  cases,  a 
large  percentage  of  the  insects  contain  parasites  that  are  in 
every  case  fatal  to  their  host.  The  Simuliidae  occurring  in  this 
neighborhood  are  most  abundant  in  the  spring,  and  it  is  at  this 
season  that  parasitism  is  most  effective.  The  most  common 
species  is  Simuliiun  hirtipes.  This  is  foimd  to  be  heavily  par- 
asitized with  species  of  Myxosporidia  (sens.  lot.).  Sometimes  as 
many  as  80  per  cent  of  the  larvae  are  foimd  to  be  greatly  dis- 
tended with  masses  of  this  white  parasite,  which  in  every  case 
spells  death  to  its  host.  Another  spring  parasite  is  a  Nemathel- 
mith  belonging  to,  or  near,  the  genus  Mermis.  The  presence 
of  this,  also,  is  fatal  to  the  Simulium  larva  in  which  it  lives,  and 
by  this  means  some  25  per  cent  of  the  larvae  in  certain  streams 
were  destroyed  during  the  spring  of  1911.  Very  few  Simuliidae 
are  to  be  foimd  in  the  streams  throughout  the  summer,  but  in 
the  fall  the  early  stages  of  S.  bracteatum  are  common.  The 
hitherto  undescribed  pupa  of  this  species  is  of  interest  in  that 
the  respiratory  filaments  are  only  foxir-branched,  a  condition 
previously  not  recorded  from  North  American  species,  and  only 
twice  found  elsewhere.  Together  with  these  larvae  occur  a  few 
of  those  of  S.  vittatum,  and  later  in  the  season  S.  hirtipes  is  once 
more  in  evidence.  All  of  these  suffer  from  Microsporidian  par- 
asites, which  do  not  confine  their  attacks  to  any  one  species  of 
Simulium  larva,  but  freely  parasitise  all  species  present  in  the 
streams  during  the  season  of  their  occurrence.  Three  Micro- 
sporidian species  have  been  found,  and  their  later  developmental 
stages  have  been  traced  with  sufficient  detail  to  determine  their 
probable  taxonomic  position. 

Since  no  accounts  of  Microsporidia,  and  their  relation  to 
insects  have  been  made  in  this  country,  it  was  deemed  advisable 
to  give  a  somewhat  detailed  account  of  this  suborder  of  the 
Sporozoa. 

The  three  species  described  from  Simulium  larvae  are: 

I.  Glugea  bracteata  sp.  nov.    Pansporoblast  octo-sporulate. 
Pansporoblast  membrane  subpersistent.     Spores  about  3/*  x  2.5m, 
short  elUptical,  filament  about  six  times  the  length  of  the  spore. 

II.  Glugea  fibratasp.nov.  Pansporoblast  octosporulate.  Pan- 
sporoblast membrane  not  subpersistent.     Spores  about  6/*  x  3.5m 
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ovoid,  filament  about  thirty  to  forty  times  the  length  of  the 
spore. 

Ill,  Glugea  multispora  sp,  nov.  Pansporoblast  polysporulate. 
Pansporoblast  membrane  not  subpersistent.     Spores  about  4/i  x 

The  earliest  stages  were  never  seen.  It  is  conjectured,  how- 
ever, that  the  parasite,  which  undoubtedly  enters  the  body  cavity 
through  the  alimentary  tract,  is  able  to  parasitise  only  young 
larvae.  This  is  thought  to  be  due  to  the  postembryonic  devel- 
opment of  the  cephalic  fans  and  peritrophic  membrane,  both 
of  which  are  highly  specialized  organs  and  in  Simulium  larvae 
show  imique  and  interesting  modifications.  The  parasite  was 
foimd  attacking  only  the  cells  of  the  fat-body.  These  are  soon 
ruptured  and  the  parasite  subsequently  leads  a  free  life  in  the 
body  cavity  of  its  host,  where  it  grows  to  comparatively  enor- 
mous volume,  consisting  of  a  multinucleate  mass  of  protoplasm 
which  greatly  distends  the  body  of  its  host.  As  the  latter  matures, 
the  myxosporidium,  as  the  parasite  is  now  termed,  is  converted 
into  innumerable  thick-shelled  spores.  These  escape  from  the 
larva,  which  has  succumbed  to  the  attack,  and  by  entering  the 
alimentary  tract  of  fresh  larvae  spread  the  disease. 

Since  these  parasites  are  to  be  found  in  all  species  of  Simulium 
larvae  present  in  the  streams  where  they  occur,  it  is  probable 
that  they  could  be  transferred  to  fresh  streams  and  thus  cause 
the  infection  of  species  of  Simulimn  larvae  in  which  as  yet  no 
parasites  have  been  found.  The  parasite  rarely,  if  ever,  passes 
over  into  the  adult,  so  that  the  natural  spread  of  the  disease 
from  stream  to  stream  is  slow.  That  these  Microsporidians  are 
not  widely  distributed  throughout  the  United  States  is  indicated 
by  the  fact  that  though  Simulium  larvae  have  been  carefully 
studied  in  several  localities  no  cases  of  their  presence  have  been 
recorded.  When  infected  larvae  are  at  all  abundant  in  streams, 
their  greatly  distended  and  whitened  abdomens  are  very  conspic- 
uous, and  are  readily  seen  at  some  distance  from  the  water, 
imder  conditions  in  which  normal  healthy  larvae  are  almost  or 
quite  invisible. 

A  further  parasite  in  the  falUgeneration,  probably  a  Gregarine, 
has  been  found,  infecting  in  some  streams  as  many  as  half  of 
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the  larvae  of  S.  bracteatum,  which  was  the  only  species  present 
in  those  parts  of  the  streams  where  it  occurred.  Its  life  history- 
has  not  received  careful  attention,  but  it  is  evident  that  it  is 
fatal  to  its  host,  and  it  produces  if  anything  more  'spores'  than 
do  the  Microsporidia-  This  parasite,  therefore,  deserves  care- 
ful study,  for  though  it  was  found  only  in  one  species  of  Simulium, 
this  was  probably  due  to  the  fact  that  no  other  species  was  pres- 
ent where  it  occurred. 

It  is  hoped  that  economic  entomologists  will,  in  future,  look 
for  the  presence  of  these  various  parasites.  If  it  is  then  foimd 
that  those  districts  in  which  Simulimn  is  not  a  serious  pest,  owe 
their  deliverance  to  the  presence  of  these  parasites,  experiments 
can  be  undertaken  to  prove  whether  the  latter  can  be  artificially 
propagated.  If  this  be  feasible,  and  the  writer  sees  no  reason  to 
doubt  it,  there  is  a  prospect  that  in  those  districts  where  black 
flies  are  most  nmnerous,  the  diseases  would  spread  with  great 
rapidity  and  considerably  reduce  the  devastations  and  annoyance 
caused  by  these  little  Diptera. 
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PLATE  I 

EXPLANATION  OF  FIGURES 

Larva  and  pupa  of  Simulium  bracteatum  Coq. 

1  Larval  antenna  X  260 

2  Head  capsule  of  recently  moulted  larva  to  show  the  characteristic  markings, 
X  32. 

3  Mandible  of  larva,  X  260. 

4  H3rpopharynx  of  larva,  X  260. 

5  Maxilla  of  larva,  X  260. 

6  Labium  of  larva,  X  260. 

7  Labial  teeth,  X  1040. 

8  Pupa  in  cocoon,  X  20. 

9  Characteristic  branching  of  respiratory  tubes   X  40. 
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PLATE  2 

EXPLANATION  OF  FIGURES 

Glugea  braceata  sp.  nov. 

f 

1  Parasite  in  situ,  X  12. 

2  Section  through  abdomen  containing  parasites,  X  12. 

3  Section  through  sporulating  Myxosporidium,  X  470;  /.,  fat  body  tissues 
still  attached. 

4  Portion  of  Myxosporidium  showing  budding  of  sporonts,  X  470. 

5  A  newly  formed  sporont,  X  1400. 

6  Sporoblasts  in  process  of  formation,  within  sporont,  X  1400. 

7  Pansporoblast  »  Sporont  containing  8  complete  sporoblasts,  X  1400. 

8  Empty  shell  of  pansporoblast  with  a  little  chromatic  material  and  surplus 
cytoplasm  still  adhering,  X  1400. 

9  and  10    Aggregate  of  sporoblasts,  stained  with  haematoxylin  and  orange-G, 
X1400. 

11  and  12    Aggregates  of  spores  unstained  X  1400. 

13  to  16    Maturation  of  the  spore,  stained  with  azure  and  eosin,  X  1400. 

17  •End  to  end  view  of  a  mature  spore,  X  1400. 

18  Mature  spore,  unstained,  with  filament  ejected,  X  1400. 

19  and  20   Diagrammatic  representation  of  maturing  sporoblast  to  show  the 
formation  of  the  vacuole,  X  7000. 

21  and  22    Diagram  of  maturation  of  the  spore,  nucleus  dividing  and  cyto- 
plasm becoming  more  dense,  X  7000. 

23  Diagram  of  situation  of  polar  capsule,  with  enclosed  filament,  X  7000. 

24  Diagram  of  spore  with  filament  ejected,  X  7000. 

25  The  swollen  knob  at  the  base  of  thp  filament. 
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PLATE  3 


EXPLANATION  OF  FIGUBBS 


Glugea  fibrata  sp.  nov. 

« 

1  Parsites  in  situ,  X  12. 

2  Section  through  sponilating  Myxosporidium,  X  470. 

3  Section  through  abdomen  containing  parasitic  mass,  X  12. 

4  and  5    Dividing  nuclei  of  meronts,  X  1400. 

6  Newly  formed  sporont  with  scattered  chromatic  matter,  X  1400. 

7  to  11    Division  figures  of  sporont  nuclei,  X  1400. 

12  Second  division  of  nuclei  in  sporont,  X  1400. 

13  Sporont  containing  8  nuclei,  X  1400. 

14  Protoplasm  collecting  round  each  nucleus  to  form  8  sporoblasts,  X  1400. 
16  Sporoblasts  nearly  complete,  X  1400. 

16  Section  through  16,  X  1400. 

17  Free  sporoblast,  X  1400. 

18  to  20    Maturation  of  the  spore,  stained  with  azure  and  eosin,  X  1600. 

21  Spore  deeply  stained  with  haematoxylin  to  show  the  polar  capsule, ^X  1600. 

22  A  macrospore,  X  1600. 

23  Spore  with  filament  partially  ejected,  X  1600. 

24  Spore  with  filament  detached,  X  1600. 

26    Spore  with  fully  extended  filament,  up  to  40  times  its  length,  X  1600. 
26    Diagram  of  mature  spore,  adapted  from  W.  Stempell,  X  about  6700. 
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PLATE  4 

EXPLANATION  OF  FIGURES 

Glugea  multispora  sp.  nov. 

1  Parasites  in  situ,  X  12. 

2  Section  through  sporulating  myxosporidium,  X  470. 

3  Section  through  abdomen  containing  parasite,  X  12. 

4  A  young  sporont,  X  1400. 

5  to  9    Division  of  sporont  into  sporoblasts,  stained  with  iron  haematozylin 
and  orange  G,  X  1400. 

10  A  section  through  9,  X  1400. 

11  Pansporoblast  unstained,  X  1400. 

12  Section  through  mass  of  spores,  X  1400. 

13  Spore  with  filament  ejected,  X  1400. 

14  A  diagram  of  a  spore,  X  7000. 
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PLATE  5 

EXPLANATION   OF   FIGUBBS 

Gregarine  parasite  of  Simulium  bracteaum 

1  Parasites  in  situ,  X  20. 

2  Cysts  from  in  tegumental  epithelium,  X  170. 

3  Cysts  in  cells  of  the  fat-body,  X  170. 

4  Cysts  from  pigment  cells  covering  the  nerve  ganglia,  X  170. 

5  Portion  of  a  cyst  at  an  early  stage,  X  1400. 

6  'Sporulating'  cyst,  X  1400. 

7  'Spores*  in  a  cyst,  almost  mature,  X  1400. 

8  Flagellate  'body'  from  a  cyst,  X  1400. 
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PLATE  6 


EXPLANATION  OF  FIGUBB8 


1,  2,  and  3    Types  of  flagellate  bodies  from  Gregarine  cyst,  X  1400. 

4  Most  common  type  of  flagellate  body,  X  2200. 

5  Diagram  of  histoblasts  of  mature  healthy  Simulium  larva;  r./.,  respiratory 
filament  (pupal)  histoblast;  tv,  wing  histoblast;  A,  halter  histoblast;  lb,  2b,  3b, 
leg  histoblasts. 

6  Diagram  of  histoblasts  of  full  grown  Simulium  larva  containing  Microspor- 
idia,  lettering  as  in  fig.  5. 

7  Diagram  of  histoblasts  of  full  grown  Simulium  larva  containing  'Gregarine ;' 
lettering  as  in  fig.  5. 

8  Longitudinal  section  through  one  half  of  the  proventriculus  and  cardla 
(see  text  figure,  page  00,  for  explanation). 

9  Diagram  of  a  section  of  the  mesenteron.  p.m.,  peri  trophic  membrane; 
cm.,  circular  muscles;  l.m.y  longitudinal  muscles. 
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